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[Title of the Invention] EXPOSURE CONDITIONS DECIDING 
METHOD, EXPOSURE METHOD, EXPOSURE APPARATUS, AND DEVICE 
MANUFACTURING METHOD 

[Abstract] 

[Object] To decide best exposure conditions stably and 
with good accuracy, and to achieve exposure with high 
precision without fail by the best exposure conditions. 

[Solving Means] A pattern formed on a measurement mask RT 
is transferred onto a photosensitive measurement 
substrate WT under exposure conditions where various 
kinds of exposure energy amount and focus position are 
combined. Then, pattern matching is performed between the 
pattern transferred onto the photosensitive measurement 
substrate WT and a template pattern which is prepared in 
advance, and the best exposure conditions are decided 
based on the results of the pattern matching. Under the 
best exposure conditions decided in this manner, the 
pattern formed on a mask R is transferred onto a 
photosensitive substrate W. As a result, exposure can be 
performed with good accuracy. 

[What Is Claimed Is:] 

[Claim 1] An exposure condition deciding method, in which 
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exposure conditions are decided so that an exposure 
illumination light is irradiated on a mask and a pattern 
formed on said mask is transferred onto a photosensitive 
substrate via a projection optical system, said method 
5 including: 

a first process in which a measurement pattern 
formed on a measurement mask is transferred onto divided 
areas, said divided areas being a matrix shaped virtual 
divided area that has a row direction and a column 

10 direction perpendicular with each other on a surface of a 
measurement photosensitive substrate subject to exposure, 
and said measurement pattern being transferred by setting 
said measurement photosensitive substrate at the same 
position in an optical axis direction of said projection 

15 optical system for the same row while monotonously 

changing an exposure energy amount in said row direction, 
whereas for the same column an exposure energy amount is 
the same while a position of said measurement 
photosensitive substrate in said optical axis direction 

20 is monotonously changed in said column direction; 

a second process in which said photosensitive 
substrate on which said pattern is transferred in said 
first process is developed and a transferred pattern 
formed on said photosensitive substrate that has been 

25 developed is detected; 

a third process in which pattern matching is 
performed between said transferred pattern in each of 
said divided areas that has been detected in said second 
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process and a template pattern that has been prepared in 
advance; and 

a fourth process in which the best exposure 
conditions are obtained based on results of said pattern 
5 matching in said third process. 

[Claim 2] The exposure condition deciding method 
according to Claim 1, wherein 

said divided areas each have the same shape and a 
10 difference of an exposure energy amount between said 

divided areas adjacent in said row direction is the same. 

[Claim 3] The exposure condition deciding method 
according to Claim 1, wherein 
15 said divided areas each have the same shape and a 

difference of a position in said optical axis direction 
between said divided areas adjacent in said column 
direction is the same. 

20 [Claim 4] The exposure condition deciding method 
according to Claim 1, wherein 

said measurement pattern is a cyclic pattern formed 
overall in an irradiation area of said exposure 
illumination light of said measurement mask. 

25 

[Claim 5] The exposure condition deciding method 
according to Claim 1, wherein 

said measurement pattern is a cyclic pattern formed 



on a part of an ir radiation area of said exposure 
illumination light of said measurement mask. 

[Claim 6] The exposure condition deciding method 
according to Claim 5, wherein 

a part of said irradiation area of said exposure 
illumination light where said measurement pattern of said 
measurement mask is formed, is two fine areas and over 
whose distance from a center point of said irradiation 
area is different. 

[Claim 7] The exposure condition deciding method 
according to Claim 1, wherein 

said template pattern is a pattern transferred onto 
a divided area selected from said divided areas. 

[Claim 8] The exposure condition deciding method 
according to Claim 1, wherein 

said template pattern is a pattern calculated based 
on said measurement pattern and a projection 
magnification of said projection optical system. 

[Claim 9] The exposure condition deciding method 
according to Claim 1, wherein 

said template pattern is a pattern that consists of 
only one of maximum brightness and minimum brightness. 

[Claim 10] The exposure condition deciding method 



according to Claim 1^ wherein 

said best exposure conditions are at least one of 
conditions related to the best focus position in said 
optical axis direction and conditions related to the best 
exposure energy amount. 

[Claim 11] An exposure method in which an exposure 
illumination light irradiates a mask and a pattern formed 
on said mask is transferred onto a photosensitive 
substrate via a projection optical system, said method 
comprising: 

a setting process in which the best exposure 
conditions is set to the best exposure conditions decided 
by an exposure conditions deciding method according to 
any one of Claims 1 to 10; and 

a transferring process in which a pattern formed on 
said mask is transferred onto a photosensitive substrate 
via said projection optical system under said exposure 
conditions that are set. 

[Claim 12] An exposure apparatus that irradiates an 
exposure illumination light on a mask and transfers a 
pattern formed on said mask onto a photosensitive 
substrate via a projection optical system, said exposure 
apparatus comprising : 

a drive mechanism that drives said photosensitive 
substrate in an optical axis direction of said projection 
optical system and within a two-dimensional plane 
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perpendicular to said optical axis direction; 

a focus adjustment system that has a detection 
system detecting a position of said photosensitive 
substrate in said optical axis direction, and adjusts 
5 said position of said photosensitive substrate in said 
optical axis direction via said drive mechanism while 
monitoring detection results of said detection system; 

a light intensity variable mechanism that changes an 
intensity density of said exposure illumination light; 
10 a storage device that stores the best exposure 

conditions decided by said exposure condition deciding 
method of Claim 1, which has been performed using said 
drive mechanism and said light intensity variable 
mechanism; and 

15 an adjustment unit that adjusts at least one of a 

target position of said focus adjustment system and said 
light intensity variable mechanism so that exposure 
conditions match the best exposure conditions stored in 
said storage device . 

20 

[Claim 13] A device manufacturing method, said method 
including : 

an exposure process using said exposure method of 
Claim 11. 

25 

[Detailed Description of the Invention] 
[0001] 

[Technical Field of the Invention] The present invention 
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relates to a method of deciding exposure conditions, an 
exposure method, an exposure apparatus, and a device 
manufacturing method. More particularly, the invention 
relates to a method of deciding exposure conditions to 
5 decide exposure conditions when transferring a pattern 
formed on a mask onto a photosensitive substrate, an 
exposure method in which exposure is performed under the 
exposure conditions decided by the method of deciding 
exposure conditions, an exposure apparatus to which the 
10 exposure method is applied, and a device manufacturing 

method for manufacturing a device such as a semiconductor 
device, which uses the exposure method. 

[0002] 

15 [Prior Art] Conventionally, in a lithographic process for 
manufacturing devices such as semiconductor devices or 
liquid crystal display devices, an exposure apparatus has 
been used where a pattern (also referred to as ^reticle 
pattern' hereinafter) formed on a mask or a reticle 

20 (collectively referred to as ^reticle' hereinafter) is 
transferred onto a substrate (referred to as ^a 
photosensitive substrate or a wafer' appropriately, 
hereinafter) such as a wafer or a glass plate via a 
projection optical system. As an apparatus of this kind, 

25 a reduction projection exposure apparatus (a so-called 
'stepper' ) of a stationary exposure type (also referred 
to as step-and-repeat method) that repeats a stepping 
operation, where a wafer stage on which the wafer as a 



sensitive substrate is mounted moves only by a 
predetermined amount in a two-dimensional direction to 
position the wafer at a predetermined exposure position, 
and an exposure operation, where the reticle pattern is 
5 transferred onto a shot area on the photosensitive 
substrate via the projection optical system at the 
positioned state, and a scanning exposure apparatus based 
on a step-and-scan method that is an improvement of the 
stepper, where an illumination light illuminates a 

10 predetermined slit-shaped area on the reticle while the 
reticle and the wafer synchronously move with respect to 
the projection optical system in a predetermined scanning 
direction in order to sequentially transfer the reticle 
pattern onto the wafer via the projection optical system, 

15 are practically used. 

[0003] On exposure by such exposure apparatuses, it is 
known that the shape of the pattern transferred onto the 
wafer changes depending on the energy amount (exposure 

20 dose) of exposure light illuminated on the area subject 
to exposure on the wafer, or a positional relationship 
between the image plane of the reticle pattern that 
should be transferred on exposure and the area subject to 
exposure on the wafer, that is, the focus error of the 

25 area subject to exposure on the wafer. In other words, 
when the exposure dose is small, an area on the wafer 
that is to be exposed will not be sufficiently exposed, 
whereas when the exposure dose is large, an area on the 
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wafer that is not to be exposed will be exposed. Further, 
when the area subject to exposure on the wafer does not 
coincide with the image plane of the reticle pattern (the 
image plane of the reticle surface is not within the 
5 depth of focus regarding the projection optical system) . 
That is, when there is a focus error, the reticle pattern 
image formed in the area subject to exposure on the wafer 
is blurred, and a faithful reduced image of the reticle 
pattern cannot be transferred onto the wafer. Therefore, 
10 in order to transfer a faithful reduced image of the 
reticle pattern onto the wafer, it is necessary to 
perform exposure after optimizing the exposure dose and 
focus control position (referred to as ^focus position' 
hereinafter) of the wafer. 

15 

[0004] Conventionally, such best exposure conditions have 
been detected by performing test exposure of a 
predetermined reticle pattern (such as a line-and-space 
pattern) serving as a test pattern on a test wafer with 

20 various exposure doses at various focus positions of the 
wafer, and by visually inspecting the state of the 
pattern transferred onto the test wafer. Specifically, 
the exposure dose and the focus position of the wafer by 
which the test exposure having the best transferred state 

25 from visual inspection was performed were decided as the 
best exposure conditions, or the presence of the 
transferred pattern was visually inspected and when the 
transferred pattern was confirmed, the midpoint of the 
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exposure dose range and the midpoint of the focus 
position range of the wafer were decided as the best 
exposure conditions of the exposure dose and the focus 
positions of the wafer. 

5 

[0005] 

[Problems to be Solved by Invention] In the above- 
described conventional method of deciding the exposure 
conditions, because the results of the test exposure were 
10 reviewed based on visual inspection, the following 
problems occurred . 

[0006] Specifically, in the method of deciding the 
exposure conditions where the best exposure conditions 
are obtained from the test exposure having the best 

15 transferred state by visual inspection, although it was 
easy to find the best transferred state from the test 
exposure when the test exposure conditions were roughly 
set, the best exposure conditions that was obtained could 
not be obtained with good accuracy. On the other hand, 

20 when the test exposure conditions were set in detail, 
firstly, the time required for the test exposure was 
prolonged, which decreased the productivity. Furthermore, 
many possibilities of the best exposure conditions could 
be expected, thus making it difficult to decide the best 

25 exposure conditions stably and with good accuracy by 
visual inspection . 

[0007] Further, in the method of deciding the exposure 
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conditions where the best exposure conditions are 
obtained from the midpoint of the exposure dose range and 
the midpoint of the focus position range of the wafer 
when the presence of the transferred pattern was visually 
5 confirmed, in the case where the test exposure conditions 
were roughly set, the presence of the transferred pattern 
could be easily confirmed from the test exposure, however 
because there was no assurance that the true boundary of 
the transferred pattern was the test exposure conditions, 

10 the best exposure conditions could not be obtained with 

good accuracy. On the other hand, when the test exposure 
conditions were set in detail, firstly, the time required 
for the test exposure was prolonged, which decreased the 
productivity. Furthermore, the boundary of the presence 

15 of the transferred pattern was difficult to decide, which 
made it difficult to decide the best exposure conditions 
stably and with good accuracy. 

[0008] The present invention was made under such 
20 circumstances, and has as its first object to provide a 
method of deciding the exposure conditions by which the 
best exposure conditions can be obtained stably and with 
good accuracy. 

25 [0009] Further, the second object of the present 

invention is to provide an exposure method in which 
exposure with high precision under the best exposure 
conditions can be performed without fail. 
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[0010] Furthermore, the third object of the present 
invention is to provide an exposure apparatus capable of 
performing exposure with high precision under the best 
5 exposure conditions without fail. 

[0011] Still further, the fourth object of the present 
invention is to provide a device manufacturing method for 
manufacturing a highly integrated device. 

10 

[0012] 

[lyieans for Solving the Problems] The invention according 
to Claim 1 is an exposure condition deciding method, in 
which exposure conditions are decided so that an exposure 

15 illumination light is irradiated on a mask(R) and a 
pattern formed on the mask(R) is transferred onto a 
photosensitive substrate (W) via a projection optical 
system(PL), the method including: a first process in 
which a measurement pattern formed on a measurement mask 

20 is transferred onto divided areas, the divided areas 

being a matrix shaped virtual divided area that has a row 
direction and a column direction perpendicular with each 
other on a surface of a measurement photosensitive 
substrate subject to exposure (Wt) , and the measurement 

25 pattern being transferred by setting the measurement 

photosensitive substrate (Wt) at the same position in an 
optical axis direction of the projection optical 
system (PL) for the same row while monotonously changing 
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an exposure energy amount in the row direction, whereas 
for the same column an exposure energy amount is the same 
while a position of the measurement photosensitive 
substrate (Wt) in the optical axis direction is 
5 monotonously changed in the column direction; a second 

process in which the photosensitive substrate (Wt) on which 
the pattern is transferred in the first process is 
developed and a transferred pattern formed on the 
photosensitive substrate (Wt) that has been developed is 

10 detected; a third process in which pattern matching is 

performed between the transferred pattern in each of the 
divided areas that has been detected in the second 
process and a template pattern that has been prepared in 
advance; and a fourth process in which the best exposure 

15 conditions are obtained based on results of the pattern 
matching in the third process. 

[0013] In the exposure condition deciding method 
according to Claim 1, on a two-dimensional coordinate 

20 where the direction of the axes are the row direction and 
the column direction, respectively, which are orthogonal 
with each other on the photosensitive measurement 
substrate, the exposure energy amount is changed in the 
row direction while the position of the photosensitive 

25 measurement substrate in the optical axis direction of 
the projection optical system, that is, the focus 
position of the photosensitive measurement substrate is 
monotonously changed in the column direction, and the 
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measurement pattern formed on the measurement mask is 
transferred onto the virtual divided areas arranged on 
the photosensitive measurement substrate in the shape of 
a matrix (the first process) . As a result, a test 
5 exposure is preformed under various kinds of test 

exposure conditions for each of the divided areas on a 
single photosensitive measurement substrate where the 
change in the exposure energy amount as exposure 
conditions is reflected in the row direction and the 
10 change in the focus position of the photosensitive 

measurement substrate also as exposure conditions is 
reflected in the column direction. 



[0014] Next, the photosensitive measurement substrate on 
15 which test exposure has been performed, is developed and 
the pattern transferred onto each of the divided areas on 
the photosensitive measurement substrate (transferred 
pattern) is detected (the second process) . Then, pattern 
matching is performed between each transferred pattern 
20 detected and the template pattern previously prepared, 
and a degree of matching (degree of correlation between 
the two patterns) is obtained for each divided area (the 
third process) , In other words, the transferred state of 
each divided area is obtained not by a sensory method 
25 such as visual inspection but by pattern matching, which 
is an objective and quantitative method. Then, the best 
exposure conditions are obtained based on the results of 
the pattern matching that have been obtained objectively 



and quantitatively for each of the divided areas (the 
fourth process) . 

[0015] Therefore, according to the exposure condition 
deciding method of Claim 1, the best exposure conditions 
can be obtained stably and with good accuracy, without 
setting detailed test exposure conditions that are more 
than necessary. 

[0016] The invention according to Claim 2 is the exposure 
condition deciding method according to Claim 1, wherein 
the divided areas each have the same shape and a 
difference of an exposure energy amount between the 
divided areas adjacent in the row direction is the same. 

[0017] According to the method, it is possible to obtain 
a quantitative pattern matching result where the exposure 
energy has a width of an equal distance, which simplifies 
the processing in obtaining the best exposure conditions 
in the fourth process. 

[0018] The invention according to Claim 3 is the exposure 
condition deciding method according to Claim 1, wherein 
the divided areas each have the same shape and a 
difference of a position in the optical axis direction 
between the divided areas adjacent in the column 
direction is the same. 
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[0019] According to the method, it is possible to obtain 
a quantitative pattern matching result where the focus 
position of the photosensitive measurement substrate has 
a width of an equal distance, which simplifies the 
5 processing in obtaining the best exposure conditions in 
the fourth process. 

[0020] In the exposure condition deciding method of Claim 
1, various kinds of measurement patterns formed on the 

10 measurement mask can be considered. For example, as in 
the invention according to Claim 4, the measurement 
pattern may be a cyclic pattern formed overall in an 
irradiation area of- the exposure illumination light of 
the measurement mask(RT), or as in the invention according 

15 to Claim 5, the measurement pattern may be a cyclic 

pattern formed on a part of an irradiation area of the 
exposure illumination light of the measurement mask(RT). 
Herein, the irradiation area of the exposure illumination 
light of the measurement mask is an area where the 

20 exposure illumination light simultaneously illuminates. 
Specifically, in the case of exposure based on the step- 
and-repeat method, it is the area on the mask where the 
pattern that is to be transferred onto the photosensitive 
substrate can be formed, and in the case of exposure 

25 based on the step-and-scan method, it is the slit-shaped 
area referred to earlier. 

[0021] According to the exposure condition deciding 



method of Claim 4, by performing pattern matching on all 
the shot areas on the photosensitive substrate 
corresponding to the illumination area of the exposure 
illumination light on the measurement mask, the best 
5 exposure conditions can be obtained for each of the 
positions in the shot area. 

[0022] According to the exposure condition deciding 
method of Claim 5, because the calculation in the pattern 
10 matching can be reduced, the pattern matching results can 
be obtained at a high-speed and the exposure conditions 
can be decided at a high-speed. 

[0023] In the exposure condition deciding method 
15 according to Claim 5, as in the invention according to 
Claim 6, a part of the irradiation area of the exposure 
illumination light where the measurement pattern of the 
measurement mask(RT) is formed, can be two fine areas and 
over whose distance from a center point of the 
20 irradiation area is different. According to the method, 
by performing pattern matching between two or more fine 
areas whose distance from the center point of the shot 
area is different, the best exposure conditions can be 
obtained for the positions corresponding to these fine 
25 areas. Therefore, the image plane of the mask pattern for 
each of the fine areas is obtained from the best exposure 
conditions that have been obtained, and the focus control 
position of the shot area can be decided. 
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[0024] In the exposure condition deciding method of Claim 
1, various configurations of the template pattern can be 
considered. For example, as in the invention according to 
5 Claim 1, the template pattern can be a pattern 

transferred onto a divided area selected from the divided 
areas, or as in the invention according to Claim 8, the 
template pattern can be a pattern calculated based on the 
measurement pattern and a projection magnification of the 
10 projection optical system(PL) . Alternatively, as in the 
invention according to Claim 9, the template pattern can 
be a pattern that consists of only one of maximum 
brightness and minimum brightness. 

15 [0025] According to the exposure condition deciding 

method of Claim 7, because the template pattern does not 
have to be prepared in advance by calculation or the like, 
the state of the transferred pattern can easily be 
pattern matched. On selecting the template pattern, the 

20 transferred pattern of a divided area whose state of the 
transferred pattern is considered to be the best is 
selected by visual inspection. However, since a 
statistical operation called pattern matching is 
performed after selecting the template pattern, and the 

25 exposure conditions are decided based on its result, 
subjective factors are completely eliminated when 
deciding the exposure conditions; therefore, the best 
exposure conditions can be obtained in a stable manner 
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with good accuracy. 

[0026] Further, according to the exposure condition 
deciding method of Claim 8, since the template pattern is 
5 a pattern calculated based on the measurement pattern and 
the projection magnification of the projection optical 
system, the exposure conditions are decided eliminating 
the subjective factor completely, which allows the best 
exposure conditions to be obtained in a stable manner 
10 with good accuracy. 

[0027] Further, according to the exposure condition 
deciding method of Claim 9, since the template pattern is 
a pattern that consists of only either the maximum 

15 brightness of the minimum brightness, the exposure 

conditions can be decided eliminating the subjective 
factor completely similar to the exposure condition 
deciding method of Claim 8, and calculation is not 
necessary when making the template pattern. Furthermore, 

20 since it is possible to avoid a sudden change in the 

pattern matching result caused by the exposure conditions 
in the case of the exposure condition deciding method of 
Claim 8, factors that require the skills of an operator, 
such as setting a threshold value in order to obtain the 

25 best exposure conditions, can be reduced. 

[0028] In the exposure condition deciding method of Claim 
1, various kinds of the best exposure conditions to be 
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found can be considered, and as in the invention of Claim 

10, the best exposure conditions can be at least one of 

conditions related to the best focus position in the 

optical axis direction and conditions related to the best 
5 exposure energy amount. 

[0029] The invention of Claim 11 is an exposure method in 
which an exposure illumination light irradiates a mask(R) 
and a pattern formed on the mask(R) is transferred onto a 

10 photosensitive substrate (W) via a projection optical 

system(PL), the method comprising: a setting process in 
which the best exposure conditions is set to the best 
exposure conditions decided by an exposure conditions 
deciding method according to any one of Claim's 1 to 10; 

15 and a transferring process in which a pattern formed on 
the mask(R) is transferred onto a photosensitive 
substrate (W) via the projection optical system (PL) under 
the exposure conditions that are set. 

20 [0030] According to the method, since the pattern formed 
on the mask is transferred onto the photosensitive 
substrate via the projection optical system under the 
exposure conditions decided by the exposure condition 
deciding method of the present invention, exposure can be 

25 performed on the photosensitive substrate with good 
accuracy. 

[0031] The invention of Claim 12 is an exposure apparatus 
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that irradiates an exposure illumination light on a 
mask(R) and transfers a pattern formed on the mask(R) 
onto a photosensitive substrate (W) via a projection 
optical system(PL), the exposure apparatus comprising: a 
5 drive mechanism(21) that drives the photosensitive 
substrate (W) in an optical axis direction of the 
projection optical system (PL) and within a two- 
dimensional plane perpendicular to the optical axis 
direction; a focus adjustment system(19, 40, 42) that has 

10 a detection system (40, 42) detecting a position of the 
photosensitive substrate in the optical axis direction, 
and adjusts the position of the photosensitive 
substrate (W) in the optical axis direction via the drive 
mechanism (21 ) while monitoring detection results of the 

15 detection system(40, 42); a light intensity variable 

mechanismd, 3) that changes an intensity density of the 
exposure illumination light; a storage device (29) that 
stores the best exposure conditions decided by the 
exposure condition deciding method of Claim 1, which has 

20 been performed using the drive mechanism(21) and the 
light intensity variable mechanism(l, 3); and an 
adjustment unit (20) that adjusts at least one of a target 
position of the focus adjustment system{19, 40, 42) and 
the light intensity variable mechanism(l, 3) so that 

25 exposure conditions match the best exposure conditions 
stored in the storage device. 

[0032] In the exposure apparatus of Claim 12, by using 
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the drive mechanism, the focus adjustment system, and the 
light intensity variable mechanism, the measurement 
pattern formed on the measurement mask is transferred 
onto each of the divided areas, which are virtual divided 
5 areas in the shape of a matrix having a row direction and 
a column direction that is perpendicular to each other on 
the surface of a photosensitive measurement substrate 
subject to exposure, by setting the photosensitive 
measurement substrate to the same position in the optical 

10 axis direction of the projection optical system for the 
same row while monotonously changing the exposure energy 
amount in the row direction, whereas for the same column 
the same exposure energy amount is set and the position 
of the photosensitive measurement substrate in the 

15 optical axis direction is monotonously changed in the 
column direction. Next, the best exposure conditions, 
which have been obtained based on the transferred results 
of each of the divided areas and the pattern matching 
results between the template prepared in advance and the 

20 template pattern, are stored in the storage device. Then, 
the adjustment unit adjusts at least one of the target 
position of the focus adjustment system and the light 
intensity variable mechanism so that the exposure 
conditions match the best exposure conditions stored in 

25 the storage device, and then exposure is performed on the 
photosensitive substrate . 

[0033] Therefore, according to the exposure apparatus of 
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Claim 12, it can support the exposure condition deciding 
method of Claim 1 as well as perform exposure on the 
photosensitive substrate with good accuracy, because the 
pattern formed on the mask is transferred onto the 
5 photosensitive substrate via the projection optical 

system under the best exposure conditions decided by the 
exposure condition deciding method of Claim 1. 

[0034] The invention according to Claim 13 is a device 
10 manufacturing method, which includes an exposure process 
using the exposure method of Claim 11. 

[0035] According to the method, because it uses the 
exposure method of Claim 11, exposure with high precision 
15 is performed under the best exposure conditions that have 
been obtained using the exposure condition deciding 
method in any one of Claims 1 to 10, thereby a high 
integration device can be manufactured. 

20 [0036] 

[Preferred Embodiments of the Invention] Description will 
be given for an embodiment of the exposure apparatus and 
an exposure method according to the present invention 
based on Figs. 1 to 12. 

25 

[0037] Fig. 1 shows a schematic configuration of an 
exposure apparatus 100 according to the embodiment. 
Exposure apparatus 100 is a projection exposure apparatus 
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based on a so-called step-and-scan exposure method. 

[0038] Exposure apparatus 100 comprises an illumination 
system 10 that emits an illumination light for exposure, 
5 a reticle stage RST serving as a mask stage that holds a 
reticle R serving as a mask, a projection optical system 
PL, an XY stage unit 14 that comprises a substrate table 
18 that holds a wafer W serving as a photosensitive 
substrate and moves in an XY two-dimensional direction 
10 within an XY plane, a control system for these parts, and 
the like- The control system includes a main controller 
20 and a storage device 29 storing the exposure 
conditions . 

15 [0039] Fig. 2 is a view for explaining an example of a 
specific configuration of illumination system 10. As is 
shown in Fig. 2, illumination system 10 comprises an 
excimer laser beam source 1, a beam shaping optical 
system 2, an rough energy adjuster 3, a fly-eye lens 4, 

20 an illumination system aperture stop plate 5, a beam 

splitter 6, a first relay lens 7A, a second relay lens 7B, 
a fixed reticle blind 8A, a movable reticle blind 8B, and 
the like. 

25 [0040] Herein, each section of the configuration of 
illumination system 10 will be described. As excimer 
laser beam source 1, a KrF excimer laser beam source 
(oscillation wavelength 248nm) , an ArF excimer laser beam 



source (oscillation wavelength 193nm) , an F2 excimer laser 
beam source (oscillation wavelength 157nm) , or the like 
is used. Instead of excimer laser beam source 1, a metal 
vapor laser beam source or a pulse light source such as a 
harmonic generator of a YAG laser may also be used as the 
exposure light source. 

[0041] Beam shaping optical system 2 shapes the cross- 
sectional shape of laser beam LB, which is a pulsed beam 
emitted from excimer laser beam source 1, so that the 
beam effectively enters fly-eye lens 4 provided in the 
rear of the optical path of laser beam LB. For example, 
the system consists of a cylinder lens, a beam expander 
(both are not shown), or the like. 

[0042] Rough energy adjuster 3 is arranged on the optical 
path of laser beam LB in the rear of beam shaping optical 
system 2. In this case, a plurality (six, for example) of 
ND filters (Fig. 1 shows only two ND filters (32A and 
32D) ) having different transmittance (=1- attenuation 
ratio) are arranged around a rotating plate 31, and a 
drive motor 33 rotates rotating plate 31 so that the 
transmittance to incident laser beam LB can be switched 
geometrically in a plurality of steps from 100%. Drive 
motor 33 operates under the control of main controller 20. 
A fine adjuster based on a double grating method or a 
fine energy adjuster that adjusts the crossing angle of 
two optical filters can also be arranged in the rear of 
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rough energy adjuster 3. 

[0043] Fly-eye lens 4 is arranged on the optical path of 
laser beam LB in the rear of rough energy adjuster 3, and 
5 forms a large number of secondary light sources to 
illuminate reticle R with a uniform illumination 
distribution. The laser beam outgoing from the secondary 
light source will hereinafter be referred to as ^pulse 
illumination light' . 

10 

[0044] In the vicinity of the outgoing plane of fly-eye 
lens A, illumination system aperture stop plate 5 made up 
of a disk-shaped member is arranged. On illumination 
system aperture stop plate 5, for example, an aperture 

15 stop made up of a regular circular aperture, an aperture 
stop made up of a small circular aperture to minimize a 
value that is a coherence factor, a ring-shaped aperture 
for ring-shaped illumination, a modified aperture stop in 
which a plurality of apertures are arranged in a 

20 decentered manner for the use of a modified light source 
method (only two kinds of aperture stop are shown in Fig. 
1), and the like are arranged in a substantially 
equiangular distance. A drive unit 51 such as a motor 
controlled by the main controller 20 (described later) 

25 rotates illumination system aperture stop plate 5, and an 
aperture stop is selectively set on the optical path of 
pulse illumination light XL. 



[0045] On the optical path of the pulse illumination 
light IL in the rear of the illumination system aperture 
stop plate 5^ beam splitter 6 that has small reflectivity 
and large transmittance is arranged, and further in the 
rear of the beam splitter, a relay optical system is 
arranged made up of the first relay lens 7A and the 
second relay lens 7B, with the fixed reticle blind 8A and 
the movable reticle blind 8B disposed in between. 

[0046] Fixed reticle blind 8A is arranged on a plane 
slightly defocused from a conjugate plane against the 
pattern plane of reticle R, and a rectangular aperture 
that sets an illumination area JAR (refer to Fig. 4) on 
reticle R is formed on the blind. In addition, movable 
reticle blind SB having an aperture section, whose 
position and width corresponding to a scanning direction 
are variable, is arranged near fixed reticle blind 8A, 
and it so as to further limit illumination area lAR at 
the beginning and the end of scanning exposure to prevent 
unnecessary areas from being exposed. 

[0047] A bending mirror M, which reflects pulse 
illumination light IL having passed the second relay lens 
7B toward reticle R, is arranged on the optical path of 
pulse illumination light IL in the rear of the second 
relay lens 78 that makes up the relay optical system. 



[0048] The operation of illumination system 10 having 
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such an arrangement is briefly described. Laser beam LB, 
which is a pulsed beam emitted from excimer laser beam 
source 1, enters beam shaping optical system 2 where its 
cross-sectional shape is shaped so that the beam 
5 effectively enters fly-eye lens 4 in the rear, and then 
enters the rough energy adjuster 3. Laser beam LB having 
passed through one of the ND filters of the rough energy 
adjuster 3 then enters fly-eye lens 4. A large number of 
the secondary light sources are then formed on the 

10 outgoing end of fly-eye lens 4. Pulse illumination light 
XL outgoing from the large number of the secondary light 
sources reaches beam splitter 6 having large 
transmittance and small reflectivity, after passing 
through one of the aperture stops on illumination system 

15 aperture stop plate 5. Pulse illumination light IL as the 
exposure light having passed beam splitter 6, passes 
through the rectangular aperture stop of fixed reticle 
blind 8A and the movable reticle blind SB via the first 
relay lens 7A, passes through the second relay lens 7B, 

20 and then its optical path is bent perpendicularly 

downward by mirror M, and so that it illuminates the 
rectangular illumination area lAR on reticle R held on 
reticle stage RST with a uniform illumination 
distribution . 

25 

[0049] On the other hand, pulse illumination light IL 
reflected off beam splitter 6 is received by an 
integrator sensor 53 that consists of a photoelectric 
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conversion element via a condenser lens 52, and the 
photoelectric conversion signal of integrator sensor 53 
is supplied as an output DS to main controller 20 via a 
peak holding circuit and an A/D converter (not shown) . As 
integrator sensor 53, for example, a PIN type photodiode 
or the like having sensitivity within the far-ultraviolet 
region and a high response frequency to detect the pulse 
emission of excimer laser beam source 1 can be used. The 
correlation coefficient between output DS of integrator 
sensor 53 and the illuminance (dose) of pulse 
illumination light IL on the surface of wafer W is 
obtained in advance, and stored in a memory 2 9 provided 
beside main controller 20. 

[0050] In Fig. 3, a constituent related to dose control 
of illumination system 10 in Fig. 2 is extracted and 
shown. As is shown in Fig. 3, inside the excimer laser 
beam source 1, a laser resonator la, a beam splitter lb, 
an energy monitor Ic, an energy controller Id, a high- 
voltage power supply le, and the like are provided. Rough 
energy adjuster 3 and excimer laser beam source 1 make up 
a light intensity variable mechanism. 

[0051] In Fig. 3, the laser beam outgoing from the laser 
resonator la in a pulsed state enters beam splitter 
having high transmittance and extremely low reflectivity, 
and laser beam LB having passed through beam splitter lb 
proceeds outside. Further, laser beam LB reflected by the 
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beam splitter lb enters energy monitor Ic that consists 
of the photoelectric conversion element, and a 
photoelectric conversion signal from energy monitor Ic is 
supplied as an output ES to energy controller Id via a 
peak holding circuit (not shown) . The unit of the energy 
control amount corresponding to output ES of energy 
monitor Ic is (mJ/pulse) . During regular emission, energy 
controller Id performs feedback control on the power 
supply voltage in high-voltage power supply le so that 
output ES of energy monitor Ic becomes a value 
corresponding to a target value of energy per pulse in 
control information TS supplied from main controller 20. 
Further, by controlling the energy supplied to laser 
resonator la via high-voltage power supply le, energy 
controller Id also changes the oscillation frequency. 
Specifically, energy controller Id sets the oscillation 
frequency of excimer laser beam source 1 to a frequency 
instructed by main controller 20 according to control 
information TS from main controller 20, and performs 
feedback control on the power supply voltage of high- 
voltage power supply le so that the energy per pulse in 
excimer laser beam source 1 becomes the value instructed 
by the main controller 20. 

[0052] Furthermore, a shutter If to shield laser beam LB 
according to the control information from main controller 
20 is also arranged outside beam splitter lb in excimer 
laser beam source 1. 
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[0053] Returning to Fig. 1, on reticle stage RST, reticle 
R is fixed, for example, by vacuum chuck. Reticle stage 
RST is constituted finely drivable within a plane 
5 perpendicular to an optical axis IX (which matches an 
optical axis AX of the projection optical system to be 
described later) of the illumination optical system, two- 
dimensionally (in the X-axis direction and the Y-axis 
direction perpendicular thereto, and a rotational 
10 direction around the Z-axis perpendicular to the XY- 
plane) . 

[0054] Further, reticle stage RST is movable in a 
predetermined scanning direction (the Y-axis direction in 
this case) by a reticle drive section (illustration is 
omitted) made up of a linear motor or the lilce in a 
specified scanning velocity on a reticle base (not shown) . 
Reticle stage RST has a moving stroke in which the entire 
surface of reticle R can cross optical axis IX of the 
illumination optical system in the least. 

[0055] A movable mirror 15 that reflects the laser beam 
from a reticle laser interferometer (hereinafter, 
referred to as 'reticle interferometer' ) 16 is fixed on 
25 reticle stage RST, and reticle interferometer 15 detects 
the position of reticle stage RST at all times within a 
stage movement plane at a resolution of, for example, 
approximately 0.5 to Inm. In actual, a movable mirror 
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20 
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having a reflection surface perpendicular to the scanning 
direction (the Y-axis direction) and a movable mirror 
having a reflection surface perpendicular to a non- 
scanning direction (the X-axis direction) are provided on 
5 reticle stage RST, and reticle interferometer 16 is 

provided on one axis in the scanning direction and on two 
axes in the non-scanning direction, however, in Fig. 1, 
they are representatively shown as movable mirror 15 and 
reticle interferometer 16. 

10 

[0056] The positional information of reticle stage RST 
from reticle interferometers 16 is sent to main 
controller 20 via a stage control system 19, which drives 
the reticle stage RST via the reticle drive section 
15 (illustration is omitted) based on the positional 
information of reticle stage RST, in response to 
instructions from main controller 20. 

[0057] Since the initial position of reticle stage RST is 
20 decided so that reticle R is aligned to a predetermined 
reference position with good accuracy by a reticle 
alignment system (not shown) , the operation of simply 
measuring the position of movable mirror 15 by reticle 
•interferometer 16 means that the position of reticle R 
25 has been measured with sufficiently high accuracy. 

[0058] Projection optical system PL is arranged below 
reticle stage RST in Fig. 1, and the direction of its 
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optical axis AX (which coincides with optical axis IX of 
the illumination optical system) is the Z-axis direction. 
In this case, in the system, in order to form a double 
telecentric optical arrangement, a refraction optical 
5 system made up of a plurality of lens elements (60a, 60b, 
...) arranged along optical axis AX in a predetermined 
distance is used. Projection optical system PL is, for 
example, a reduction optical system having a 
predetermined projection magnification of 1/5 (or 1/4) . 
10 Accordingly, when illumination light IL from the 

illumination optical system illuminates illumination area 
lAR of reticle R, a reduced image (partially inverted 
image) of a circuit pattern of reticle R is formed on 
wafer W coated with a photoresist by illumination light 
15 IL having passed through reticle R, via the projection 
optical system PL. 

[0059] Among the lens elements, the uppermost lens 
element 60a closest to reticle stage RST is held by a 
ring shaped support member 62, which is supported at 
three points by flexible drive elements such as 
piezoelectric elements 64a, 64b, and 64c (drive element 
64c in the depth of the page surface is not shown) and is 
connected to a barrel portion 66. The above drive 
elements 64a, 64b, and 64c are capable of individually 
moving the three points in the periphery of lens element 
60a in the optical axis AX direction of projection 
optical system PL. In other words, lens element 60a can 
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be parallelly moved along optical axis AX according to 
the displacement amount of drive elements 6Aa, 64b, and 
64c, and can be inclined in any direction with respect to 
a plane perpendicular to optical axis AX. Then, the 
5 voltage provided to these drive elements 64a, 64b, and 
64c is controlled by an image forming characteristics 
correction controller 68 based on instructions from main 
controller 20, and the displacement amount of drive 
elements 64a, 64b, and 64c is controlled. In Fig. 1, 
10 optical axis AX of projection optical system PL coincides 
with the optical axes of lens element 60b and other lens 
elements (illustration is omitted) fixed to barrel 
portion 66 . 

15 [0060] Furthermore, in the embodiment, a sealed chamber 
69 is formed in between particular lens elements near the 
center portion of the projection optical system PL in the 
optical axis direction, and the inner pressure of sealed 
chamber 69 is adjusted with a pressure adjustment 

20 mechanism (not shown) (such as a bellows pump) . The 
pressure adjustment mechanism also operates under the 
control of image forming characteristics correction 
controller 68, based on instructions from main controller 
20, and the inner pressure of sealed chamber 69 is 

25 adjusted. 

[0061] Herein, by moving lens element 60a in the optical 
axis AX direction or by inclining it, the magnification 
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of projection optical system PL can be changed, or 
distortion and the image forming surface of projection 
optical system PL can be changed. In addition, by 
changing the inner pressure of sealed chamber 69 inside 
projection optical system PL, the magnification and the 
image forming surface of projection optical system PL can 
be changed, 

[0062] XY stage unit 14 has a Y stage 16 that can move 
reciprocally on a base (not shown) in the Y-axis 
direction (right and left directions in Fig. 1), which is 
the scanning direction, an X stage 12 that can move 
reciprocally on the Y stage 16 in the X-axis direction 

(direction orthogonal to document surface in Fig. 1) 
perpendicular to the Y-axis direction, and a substrate 
table 18 provided on the X stage 12. Further, a wafer 
holder 25 is mounted on the substrate table 18, and wafer 
holder 25 holds wafer W serving as the photosensitive 
substrate by vacuum chucking. 

[0063] The substrate table 18 is attached on X stage 12 
positioned in the XY direction, in a state where movement 
in the Z direction and inclination are allowed. Substrate 
table 18 is supported at three different support points 
by three axes (not shown) , and these three axes are 
independently driven in the Z-axis direction by wafer 
drive unit 21 serving as the drive mechanism so as to set 
the surface position (the position in the Z-axis 
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direction and tilt with respect to XY plane) of wafer W 
held on substrate table 18 to a desired state. 

[0064] A movable mirror 27 that reflects the laser beam 
5 from a wafer laser interferometer (hereinafter, referred 
to as 'wafer interferometer' ) 28 is fixed on substrate 
table 18, and wafer interferometer 28, which is arranged 
externally, detects the position of substrate table 18 
within the XY plane at all times at a resolution of, for 
10 example, approximately 0.5 to Inm. 

[0065] In actual, a movable mirror having a reflection 
surface perpendicular to the Y-axis • direction, which is 
the scanning direction, and a movable mirror having a 

15 reflection surface perpendicular to the X-axis direction, 
which is the non-scanning direction, are provided on 
substrate table 18, and wafer interferometer 28 is 
provided on one axis in the scanning direction and on two 
axes in the non-scanning direction, however, in Fig. 1, 

20 they are representatively shown as movable mirror 27 and 
wafer interferometer 28. The positional information (or 
velocity information) of substrate table 18 is sent to 
main controller 20 via stage control system 19, which 
drives Y stage 16 and X stage 12 via the wafer drive 

25 section 21 (which includes all of the drive systems of X 
stage 12 and Y stage 16, and the drive system of 
substrate table 18) based on instructions from main 
controller 20. 



[0066] Furthermore, on substrate table 18, a fiducial 
mark plate FM is fixed on which various kinds of fiducial 
marks are formed for baseline measurement or the like, in 
5 which the distance from the detection center of an 

alignment detection system (not shown) based on an off- 
axis method to the optical axis of projection optical 
system PL is measured. 

10 [0067] Still further, in the apparatus of Fig. 1, a 

multiple point focus position detection system that is 
one of a focus detection system (focal point detection 
system) based on an oblique incident method for detecting 
the position of an area within an exposure area lA (an 

15 area on wafer which is conjugate to the above- 
described illumination area lAR: refer to Fig. 4) on the 
surface of wafer W and its vicinity in Z-axis direction 
(optical axis AX direction) . As is shown in Fig. 1, the 
multiple point focus position detection system is made up 

20 of an illumination optical system 40 and a photodetection 
optical system 42. The illumination optical system 40 
consists of an optical fiber bundle 80, a mirror 81, a 
condenser lens 82, a pattern forming plate 83, a lens 84, 
a mirror 85, and an illumination objective lens 86, 

25 whereas photodetection optical system 42 consists of a 
condenser objective lens 87, a rotational direction 
vibration plate 88, an image forming lens 89, a 
photodetection slit plate 98, and a photodetection unit 
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90 having a large number of photosensors. Details on 
configuration or the like of the multiple point focus 
position detection system is disclosed in, for example, 
Japanese Patent Application Laid-open No. H6-283403. 

5 

[0068] Herein, each of the constituent sections of the 
multiple point focus position detection system (40 and 
42) will be described, together with its operation. 
Illumination light that has a different wavelength from 

10 the exposure light and is not photosensitive to the 

photoresist on wafer W is guided from an illumination 
source (not shown) via optical fiber bundle 80. The 
illumination light outgoing from optical fiber bundle 80 
passes through mirror 81 and condenser lens 82, and 

15 illuminates pattern forming plate 83. 

[0069] On pattern-forming plate 83, a plurality of slit- 
shaped aperture patterns (not shown) is formed in a 
matrix arrangement. The illumination light having passed 

20 through each slit-shaped aperture pattern of pattern 

forming plate 83 (imaging beam of the aperture pattern) 
proceeds through lens 84, mirror 85, and illumination 
objective lens 86 and is projected on the surface of 
wafer W subject to exposure, and the image of the slit- 

25 shaped aperture pattern on the pattern forming plate 83 . 
is projected and formed thereon. A part of the images of 
the aperture pattern is formed within exposure area lA 
(refer to Fig. 4) on wafer W, while other parts are 
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formed outside exposure area lA. 

[0070] Then, the reflection beams reflected off the 
surface of wafer W subject to exposure proceeds toward a 
5 direction symmetrical to the imaging beam from 

illumination optical system 40 inclined with respect to 
optical axis AX by a predetermined angle, passes through 
condenser objective lens 87, rotational direction 
vibration plate 88, and image forming lens 89, and then 

10 the image is formed again on photodetection slit plate 98 
arranged in front of photodetection unit 90. 
Photodetection unit 90 detects the re-formed image, and a 
signal processing unit 91 performs synchronous detection 
with a rotation-vibration frequency signal via a sensor 

15 selection circuit 93. Multiple focus signals obtained by 
the synchronous detection of signal processing unit 91 
are supplied to main controller 20. 

[0071] Consequently, the multiple focus signals obtained 
20 by the synchronous detection of signal processing unit 91 
are supplied to main controller 20. Then, main controller 
20 uses the focus signals related to the aperture 
patterns that have been formed outside exposure area lA 
of wafer W to predict the state of the next focusing, 
25 that is, to predict whether the surface of wafer W will 
change in the -HZ direction or in the -Z direction, or to 
predict the leveling of the surface of wafer W. Based on 
such predictions and the focus signals related to the 
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aperture patterns formed within exposure area lA of wafer 

stage control system 19 and wafer drive unit 21 
perform focusing and leveling adjustment of exposure area 
lA on wafer W. The multiple point focus position 
5 detection system (40 and 42) and stage control system 19 
make up the focus adjustment system. 

[0072] Further, the apparatus of Fig. 1 comprises an 
alignment microscope based on an off-axis method (not 

10 shown) , which is arranged on the side surface of 

projection optical system PL, made up of an image forming 
alignment sensor that observes positional detection marks 
(alignment marks) formed on wafer W, and an image 
processing unit (not shown) to which the observation 

15 results of the alignment microscope and positional 

information on wafer W from wafer interferometer 28 are 
input in order to obtain the position of the positional 
detection marks on wafer W. The position of the 
positional detection marks obtained by the image 

20 processing unit is supplied to main controller 20. 

[0073] As is shown in Fig. 4, in exposure apparatus 100 
of the embodiment, reticle R is illuminated by a 
rectangular (slit shape) illumination area lAR having a 
25 longitudinal direction in a direction perpendicular to 
the scanning direction (the Y-axis direction) , and 
reticle R is scanned at a velocity Vr in the -Y direction 
during exposure. Illumination area JAR (whose center 



substantially matches optical axis AX) is projected on 
wafer W via projection optical system PL, and a slit- 
shaped projection area conjugate to illumination area lAR, 
that is, exposure area lA is formed. Since wafer W has an 
5 inverted image forming relationship with reticle R, wafer 
W is scanned at a velocity Vw synchronously with reticle R 
in a direction (the +Y direction) opposite to the 
direction of velocity Vr, and the entire surface of a shot 
area SA on wafer W can be exposed. The scanning velocity 

10 ratio Vw/Vr accurately corresponds to the reduction 

magnification of projection optical system PL, and the 
pattern in pattern area PA of reticle R is accurately 
reduced and transferred onto shot area SA on wafer W. The 
width of illumination area lAR in the longitudinal 

15 direction is set so as to be wider than pattern area PA 

on the reticle R and narrower than the maximum width of a 
light shielded area ST, and the entire pattern area PA is 
illuminated when scanning is performed. 

20 [0074] In scanning exposure apparatus 100, during the 
above scanning exposure, main controller 20 performs 
alignment of reticle R and wafer W via stage control 
system 19, wafer drive unit 21, and the like based on 
detection signals of an alignment detection system (not 

25 shown) . Further, the main controller 20 controls 

substrate table 18 by driving it in the Z-axis direction 
and a direction of inclination via stage control system 
19 and wafer drive unit 21, based on detection signals of 
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the multiple point focus position detection systems (40 
and 42) so that the pattern surface of reticle R and the 
surface of wafer W become conjugate to projection optical 
system PL and the image forming surface of projection 
5 optical system PL and the surface of wafer W also match 
each other (the surface of the wafer falls within the 
depth of focus range of the best image forming plane of 
projection optical system PL), and thus the surface 
position is adjusted (setting the alignment surface) . 

10 

[0075] Next, the method of deciding exposure conditions 
related to the above-described exposure apparatus 100 
will be described. Prior to describing the method of 
deciding exposure conditions, an outline of the principle 

15 for detecting the best exposure conditions in the 

embodiment will be described, based on Fig. 5. As is 
shown in Fig. 5A, exposure illumination light IL that has 
an intensity (exposure energy) ^I' is irradiated on 
reticle R, and wafer W is arranged at a position Z in the 

20 optical axis AX direction (that is, the Z direction) of 
projection optical system PL. Further, Fig. 5B 
schematically shows a pattern (a line~and-space mark: 
hereinafter referred to as ^L/S mark' ) PR that is formed 
on reticle R, and Fig. 5C shows a schematic diagram of a 

25 pattern (L/S mark) PW transferred onto wafer W. Herein, 

as is shown in Fig. 5B, pattern PR formed on reticle R is 
to be an L/S mark having a line width LR and an array 
cycle of 2LR, while pattern PW transferred onto wafer W 



43 

is an L/S mark having a line width LW and an array cycle 
of LWP. 

[0076] In an ideal exposure, when the projection 
5 magnification of projection optical system PL is the 
following expressions hold. 

LW-pxLR ...(1) 
LWP=2pxLR ...(2) 
When exposure energy I or position Z (focus position) of 

10 wafer W in the Z direction changes, the relationship in 
expression (2) is maintained, while the relationship in 
expression (1) may not necessarily hold because line 
width PW of pattern PW changes. That is, line width LW is 
a function LW (I, Z) of exposure energy I and focus 

15 position Z. For this reason, it is necessary to adjust 
exposure energy I and focus position Z in order to make 
the relationship in expression (1) hold and to set the 
best exposure conditions (Ib, Zb) , which are defined to 
have the smallest shift level from the relationship in 

20 expression (1) caused by the change in exposure energy I 
focus position Z. 

[0077] Incidentally, when considering a value |AL| , which 
is the difference between line width LW of the pattern 
25 transferred on wafer W and an ideal line width LT (=pxLR) , 
it becomes larger as the exposure conditions (I, Z) move 
away from the best exposure conditions (Ib, Zb) . In other 
words, if the exposure conditions (I, Z) move away from 
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the best exposure conditions (Ib, Zb) , the actual 
transferred pattern shape will also shift from an ideal 
transferred pattern. For example, when the ideal 
transferred pattern is used as a template pattern and 
5 pattern matching is performed between the template 
pattern and the actual transferred pattern, when the 
exposure conditions (I, Z) move away from the best 
exposure conditions (Ib, Zb) , the correlation coefficient 
becomes small. 

10 

[0078] Accordingly, for example, by executing the 
following procedure it is possible to decide the best 
exposure conditions- Following is a brief description of 
the procedure. Exposure is performed on wafer W using a 

15 measurement pattern PR formed on reticle R under exposure 
conditions where various kinds of exposure energy I and 
focus position Z are combined, and the pattern is 
transferred onto wafer W. Next, each pattern PW 
transferred onto wafer W under each of the exposure 

20 conditions is measured and pattern matching with the 

template pattern is performed. Then, for example, the 
correlation coefficient is obtained for each of the 
exposure conditions. Then, after obtaining the 
distribution of the correlation coefficient in two- 

25 dimensional coordinates (I, Z), the threshold value of a 
correlation coefficient C is set, and based on a figure 
formed by the coordinate values of the two dimensional 
coordinates (I, Z) serving as threshold values, the best 
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exposure conditions (Ib, Zb) are obtained. 

[0079] In this procedure, the above-described value \AL\ 
could be used instead of the correlation coefficient, 
5 however, when value \AL\ is used, on measuring the line 

width LW, the measurement has to be extremely accurate in 
order to detect subtle changes in each individual line 
width. Whereas, when pattern matching with the template 
pattern is performed, by collectively treating pattern PW 
10 transferred onto the wafer W, the changes in pattern PW 
transferred onto wafer W can be detected with good 
accuracy. That is, from the viewpoint of measurement 
accuracy, using the correlation coefficient is more 
advantageous than using value |AL| . 

15 

[0080] Details on detecting the best exposure conditions 
in the embodiment will now be described, referring to 
Figs. 6 to 11. Figs. 6 and 7 show flowcharts for 
detecting the best exposure conditions in this embodiment. 

20 

[0081] Firstly, in step 201 of Fig. 6, a reticle loader 
(not shown) loads a reticle Rt for reference information 
collection onto reticle stage RST. Fig. 8 shows a pattern 
configuration that is formed on Rt for reference 
25 information collection used in this embodiment. As is 

shown in Fig. 8A, a total of five marks RM are formed in 
the center and the four corners of pattern area PA in 
reticle Rt. Further, in pattern area PA, the areas 
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besides where marks RM are formed are made into a light 
shielding pattern. As is shown in Fig. 8B, each mark RM 
is a L/S mark having lines of a line width LRx and a line 
length LRy that are arranged in the line width direction 
5 at a cycle 2LRx. 

[0082] Returning to Fig. 6, in step 203, a wafer loader 
(not shown) continuously loads a measurement wafer Wt onto 
substrate table 18. 

10 

[0083] Next, in step 205, the exposure energy is set to 
be an initial value (=Ii) - In the embodiment, when 
deciding the exposure conditions, the exposure energy is 
changed from Ii to In (N=6, for example) with ' the pitch, of 

15 AI. This exposure energy setting is performed with rough 
energy adjuster 3 or the light source 1 of Fig. 2. In 
other words, rough energy adjuster 3 adjusts the exposure 
energy by changing the transmittance of laser beam LB. On 
the other hand, the correlation between output ES of 

20 energy controller Ic and output DS of integrator sensor 
53 in Fig. 3 is obtained in advance, and based on the 
correlation light source 1 adjusts the exposure energy by 
changing the energy per pulse of laser beam LB. 
Incidentally, light source 1 adjusts the exposure energy 

25 in a state where laser beam LB is shielded by shutter If. 

[0084] Next, in step 207, main controller 20 notifies 
stage controller 19 that a target position related to the 



alignment of wafer Wt in the Z direction (hereinafter, 
referred to as position' or 'focus position' ) in 
scanning exposure is an initial value (=Zi) . In the 
embodiment, on deciding the exposure conditions, Z 
position is changed from Zi to Zm (M=6, for example) with 
the pitch of AZ . 

[0085] Continuously, in step 209, substrate table 18 is 
moved to a scanning starting position so as to transfer 
marks RM on reticle R onto divided areas DAn in divided 
areas DAij (1=1 to M, j=l to N) on the surface of wafer Wt 
subject to exposure. Main controller 20 performs this 
movement via stage control system 19, wafer drive unit 2 
and the like. Figs. 9 and 10 show an arrangement of 
divided areas DAij on wafer W. The surface of wafer W is 
divided into a plurality of shot areas SA corresponding 
to pattern area PA of reticle R, as shown in Fig. 9A. In 
such shot area, as is shown in Fig. 9B, five areas DA are 
located that correspond to five marks which will be 
transferred in the following measurement exposure. Each 
of the areas DA is virtually divided in the shape of a 
matrix, and these divided areas are divided areas DA^j 
onto which one mark RM is transferred per scanning 
exposure. Further, as is shown in Fig. 10, divided areas 
DAij are arranged on wafer Wt in the shape of a matrix, 
where +X direction is a row direction (increasing 
direction of j) and +Y direction is a column direction 
(increasing direction of i) . 
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[0086] Returning to Fig. 6, next, in step 211, as is 
described above referring to Fig. 4, scanning exposure is 
performed on the shot area on the surface of wafer Wt 
5 subject to exposure by synchronously moving reticle Rt and 
wafer Wt and opening shutter If immediately before a 
conjugate area lA of illumination area lAR begins to 
cover the shot area SA. During the scanning exposure, 
main controller 20 performs drive control on substrate 

10 table 18 in the Z-axis direction via stage control system 
19 and wafer drive unit 21 so that an alignment target 
position in the Z-axis direction becomes Zi, based on 
detection signals of the multiple point focus position 
detection system (40 and 42), as well as perform drive 

15 control in the direction of inclination to adjust the 
surface position (setting the aligning surface) . Then, 
shutter If closes immediately after conjugate area lA of 
illumination area lAR moves away from divided areas DAij . 

20 [0087] When step 211 is completed, in step 213, the 

decision is made whether or not transfer related to the 
divided areas corresponding to a predetermined Z position 
range has been completed in a state where the exposure 
energy is constant. In the description above, since marks 

25 RM have been transferred only for divided areas DAn, it 
is decided that scanning exposure has not been performed 
for the predetermined Z position range. Then, in step 215, 
main controller 20 notifies stage control system 19 that 
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the Z position of wafer Wt during scanning exposure is Z2. 
Continuously, in step 209, substrate table 18 is moved to 
the scanning starting position so as to transfer marks RM 
onto divided areas DA21 in the same manner as is described 
5 above. At this point, reticle Rt returns to the scanning 
starting position. Then, in step 211, likewise the 
divided areas DAn, scanning exposure is performed in 
order to transfer marks RM related to divided areas DA21. 

10 [0088] Subsequently, in step 213, scanning exposure to 

transfer marks RM related to divided areas DAn (i=3 to M) 
is sequentially executed until it is decided that 
scanning exposure has been performed for the 
predetermined Z position range. In this manner, the 

15 pattern formed on reticle Rt is transferred onto the 

surface of wafer Wt subject to exposure for the case where 
the exposure energy during scanning exposure is Ii. In 
step 213, when it has been decided that scanning exposure 
has been performed for the predetermined Z position range, 

20 then in the next step, step 217, the decision is made 

whether or not exposure related to the divided areas in a 
predetermined exposure energy range has been completed. 
In the description above, since marks RM have been 
transferred only for divided areas DAii (i=^l to M) , it is 

25 decided that scanning exposure has not been performed in 
the predetermined exposure energy range, and in step 219, 
the exposure energy is set to be I2 similar to step 205. 
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[0089] Next, similar to the case when the exposure energy 
is Ii, in step 207, main controller 20 notifies stage 
control system 19 that the Z position of wafer Wt during 
scanning exposure is Zi, and then steps 209 to 215 are 
5 executed again, thus scanning exposure to transfer marks 
RM related to divided areas DAi2 is performed. 

[0090] Subsequently, in step 217, scanning exposure for 
transferring the marks RM regarding divided areas DAij 

10 (i=3 to M, j=3 to N) is sequentially executed until it is 
decided that scanning exposure has been performed for the 
predetermined exposure energy range. In this manner, the 
pattern formed on reticle Rt is transferred onto the 
surface of wafer Wt subject to exposure for the 

15 predetermined exposure energy range. As a result, marks 
RM are transferred onto all divided areas DAij. When the 
decision is made in step 217 that scanning exposure has 
been performed for the predetermined exposure energy 
range, then, in subroutine 221, pattern matching is 

20 performed between the pattern transferred onto each of 
the divided areas DAij and the template pattern. 

[0091] Fig. 7 shows a flowchart of sub-routine 221. As 
is shown in Fig. 7, in sub-routine 221, first of all, in 
25 step 227, wafer Wt is unloaded from substrate table 18 
(refer to Fig. 1), and then in step 229, wafer Wt is 
developed. Next, in step 231, the transferred patterns 
formed on each of the divided areas DAij on wafer Wt that 



has been developed are picked up by a CCD or the like via 
a microscope, and the pick-up results are downloaded into 
a computer. To download the data, an exposure apparatus 
similar to the above-described exposure apparatus 100 in 
the embodiment may be used that further equips the 
microscope and the CCD may be used, or a different 
apparatus that comprises the microscope or the like and 
the computer may be used. 

[0092] Next, in step 233, the template pattern is set. 
Herein, as the template pattern, an ideal transferred 
pattern calculated based on the pattern formed on reticle 
Rt and the projection magnification of projection optical 
system PL may be used, or a pattern selected from the 
patterns transferred onto divided areas DAij may also be 
used. On selecting the pattern, a pattern which is 
decided to be the closest to the ideal pattern among the 
patterns transferred onto divided areas DAij by human 
choice may be selected, or a pattern may be selected from 
the viewpoint of design that is exposed and transferred 
onto divided areas with the exposure conditions closest 
to the best exposure *energy and the best focus position. 
Then, in step 235, pattern matching is performed between 
the pattern transferred onto each divided area DAij and 
the template pattern to find the correlation coefficient 
per each divided area DAij. Then, in step 237, 
correlation coefficients Cij that have been obtained for 
each of the divided areas DAij are saved, and the 
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procedure returns to the main routine. 

[0093] Next, returning to Fig. 6, in step 223, the best 
exposure energy and the best focus position, which are 
5 the best exposure conditions, are obtained for each of 

the five areas DA in shot area SA in the following manner. 
Firstly, the two-dimensional coordinates (I, Z) of 
exposure energy I and focus position Z are considered for 
a single area DA, and by plotting the correlation 

10 coefficient Cij on the coordinate values (Ij, Zi) , the 
distribution of the correlation coefficient is thus 
obtained- On exposing the above-described measurement 
wafer Wt, because the divided areas DAij were set to a 
same size, and the difference of the exposure energy 

15 between adjacent divided areas in the row direction was 
set to the same value (=AI) while the difference of the 
focus position between adjacent divided areas in the 
column direction was set to the same value (=AZ), the 
arrangement of divided areas DAij on wafer Wt coincides 

20 with the coordinate values (Ij, Zi) in the two-dimensional 
coordinates (I, Z) without any modification. 

[0094] Next, the best exposure conditions are obtained, 
based on the distribution of the correlation coefficient 
25 Cij obtained in this manner. On obtaining the best 

exposure conditions, several methods can be considered. 
For example, in a first method, a threshold value of a 
correlation coefficient is set, and in a divided area 
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that has a correlation coefficient larger than the 
threshold value, such area can be decided as an area 
containing a transferred pattern, whereas in a divided 
area that has a correlation coefficient smaller than the 
5 threshold value, the area does not contain a transferred 
pattern. Fig. 11 shows an example of a result of such a 
decision. In Fig. 11, the divided areas that do not 
contain any transferred patterns based on the decision 
are shown as outlined areas while the divided areas that 

10 have the transferred patterns are shown as hatched areas. 
Then, divided areas adjacent to the divided areas that do 
not contain any transferred patterns are extracted from 
the divided areas that contain the transferred patterns, 
and the coordinate values of the extracted divided areas 

15 are obtained. From the coordinate values obtained in such 
a manner, an approximated curve in the two-dimensional 
coordinates (I,Z) is obtained, for example, by the least 
squares method. And, the best exposure energy Ib and the 
best focus position Zb are decided based on the 

20 approximated curve. In this case, regarding the best 

exposure energy Ib, when exposure energy I is assumed as 
an independent variable and a difference 5Z of a value at 
a particular focus position and focus position Z is 
assumed as a dependent variable in the approximated curve, 

25 a value of the exposure energy where value 5Z becomes the 
largest (or value 6z becomes the smallest) may be obtained 
as the best exposure energy Ib. Alternatively, regarding 
the best focus position Zb, when focus position Z is 
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assumed as an independent variable and a difference 8l of 
a particular exposure energy value and exposure energy I 
is assumed as a dependent variable in the approximated 
curve, a value of the focus position where value 5l 
5 becomes the largest (or value 5l becomes the smallest) may 
be obtained as the best focus position Zb- 

[0095] In a second method, a plurality of threshold 
values of the dependent variable is set in the 

10 approximated curve of the first method, and a midpoint of 
a value of the independent variable where the dependent 
variable becomes the threshold values, is obtained for 
• each of the threshold values. Then, from the average 
value of such midpoints, the best value of a parameter 

15 for the exposure conditions selected as the independent 
variable is obtained. According to this method, it is 
possible to decide one value as the best value without 
fail. Besides such a method, as the third method, an 
approximated surface (that is, C (I,Z)) may be obtained 

20 from the correlation coefficient Cij for the two- 
dimensional coordinates (Ij,Zi), and the best exposure 
conditions may be obtained, by using the exposure energy 
value and the focus position value on the approximated 
surface where the correlation coefficient becomes the 

25 largest as the best exposure energy and the best focus 
position . 

[0096] Hereinafter, the best exposure conditions are 



obtained for each of the other areas DA in the same 
manner as is described above. Consequently, the best 
exposure conditions of each area DA in the shot area are 
obtained. 

[0097] The best exposure conditions obtained in step 223 
as is described above are stored in storage device 29 in 
step 225. Thus, subjective factors are eliminated, and 
the best exposure conditions can be obtained in a stable 
manner with good accuracy. 

[0098] Next, an exposure operation by scanning exposure 
apparatus 100 of the embodiment when manufacturing a 
device will be described. 

[0099] Firstly, the reticle loader loads reticle R on 
which a pattern to be transferred is formed onto reticle 
stage RST. In the same manner, the wafer loader loads 
wafer W to be exposed onto substrate table 18. 

[0100] Next, main controller 20 performs preparatory 
operations for alignment measurement or the like, such as 
reticle alignment and baseline measurement using a 
reticle microscope (not shown) and fiducial mark plate FM 
on substrate table 18, and EGA (enhanced global 
alignment) using the alignment detection system (not 
shown) , according to a predetermined procedure when 
necessary. 
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[0101] On the exposure operation, substrate table 18 is 
moved so that the XY position of wafer W is at the 
scanning starting position for exposure of the first shot 
5 area (first shot) on wafer W, Main controller 20 performs 
the movement via stage control system 19 and wafer drive 
unit 21 or the like. At the same time, reticle stage 18 
is moved so that the XY position of reticle R is also at 
the scanning starting position. Main controller 20 also 
10 performs this movement via stage control system 19 and 
the reticle drive section (not shown) or the like. 

[0102] Accordingly, wafer W and reticle R move to their 
scanning starting positions, and before starting 
synchronous movement, main controller 20 reads the best 
exposure energy Ib and the best focus position Zb, which 
are the best exposure conditions, from storage device 29. 
Then, main controller 20 adjusts the energy of the 
exposure illumination light to Ib by controlling light 
source 1 and rough energy adjuster, based on the best 
exposure energy Ig that it read, and notifies stage 
control, system 19 of best focus position Zb that has been 
read as the target focus position. 

25 [0103] Then, stage control system 19 relatively moves 

reticle R and wafer W via the reticle drive section (not 
shown) and wafer drive unit 21, based on the XY 
positional information of reticle R that has been 
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measured by reticle interferometer 16, the XY positional 
information of wafer W that has been measured by wafer 
interferometer 28, and a first velocity information. 
Scanning exposure is performed along with such relative 
5 movement . 

[0104] Furthermore, stage control system 19 adjusts the 
surface position of substrate table 18 by driving 
substrate table 18 in Z-axis direction and in the 
10 direction of inclination via wafer drive unit 21, based 
on the Z positional information of the wafer that has 
been detected by the multiple point focus position 
detection system (40 and 42) , 

[0105] When the reticle pattern has been transferred onto 
the first shot area by the scanning exposure performed 
with the above-described control, stepping operation of 
substrate table 18 is performed by one shot area, and 
then scanning exposure is performed in the same manner as 
the previous shot area. The opening/closing of shutter If 
is performed at the same timing as is previously 
described. 

[0106] Hereinafter, stepping and scanning exposure 
25 operations are sequentially repeated in this manner, and 
the pattern of a required shot number is transferred onto 
wafer W. Therefore, according to the embodiment, scanning 
exposure can be performed under the best exposure 
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conditions that have been obtained with good accuracy, 
and thus it is possible to perform highly accurate 
exposure . 

5 [0107] Next, an embodiment of a device manufacturing 

method that uses the scanning exposure apparatus and the 
method described above will be described. 

[0108] Fig. 12 is a flowchart showing an example of 
10 manufacturing a device (a semiconductor chip such as an' 
IC or an LSI, a liquid crystal panel, a CCD, a thin 
magnetic head, a micromachine, or the like) . As shown in 
Fig. 12, in step 301 (design step) ^ function/performance 
is designed for a device (e.g., circuit design for a 
15 semiconductor device) and a pattern to implement the 

function is designed. In step 302 (masJc manufacturing 
step) , a maslc on which the designed circuit pattern is 
formed is manufactured, whereas, in step 303 (wafer 
manufacturing step) , a wafer is manufacturing by using a 
20 silicon material or the like. 

[0109] Next, in step 304 (wafer processing step), an 
actual circuit and the like is formed on the wafer by 
lithography or the like using the mask and wafer prepared 
25 in steps 301 to 303, as will be described later. Next, in 
step 305 (device assembly step) a device is assembled 
using the wafer processed in step 304. The step 305 
includes processes such as dicing, bonding, and packaging 
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(chip encapsulation) , as necessary. 

[0110] Finally^ in step 306 (inspection step), tests on 
operation, durability, and the like are performed on the 
5 device processed in step 305. After these steps, the 
device is completed and shipped out. 

[0111] Fig. 13 is a flow chart showing a detailed example 
of step 304 described above in manufacturing the 

10 semiconductor device. Referring to Fig. 13, in step 311 
(oxidation step), the surface of the wafer is oxidized. 
In step 312 (CVD step) , an insulating film is formed on 
the wafer surface. In step 313 (electrode formation step), 
an electrode is formed on the wafer by vapor deposition. 

15 In step 314 (ion implantation step) , ions are implanted 

into the wafer. Steps 311 to 314 described above make up 
a pre-process for the respective steps in the wafer 
process, and are selectively executed depending on the 
processing required in the respective steps. 

20 

[0112] When the above pre-process is completed in the 
respective steps in the wafer process, a post-process is 
executed in the following manner. In this post-process, 
first, in step 315 (resist formation step), the wafer is 
25 coated with a photosensitive agent. Next, in step 316 
(exposure step) , the circuit pattern on the mask is 
transferred onto the wafer by the exposure apparatus and 
the exposure method described above. And, in step 317 



60 

(development step) , the wafer that has been exposed is 
developed. Then, in step 318 (etching step), an exposed 
member of an area other than the area where the resist 
remains is removed by etching. Finally, in step 319 
5 (resist removing step) , when etching is completed, the 
resist that is no longer necessary is removed. 

[0113] By repeatedly performing these pre-process and 
post-process steps, multiple circuit patterns are formed 
10 on the wafer. 

[0114] By using the device manufacturing method in the 
embodiment, devices with high integration that was 
difficult to manufacture conventionally can be 
15 manufactured. 

[0115] In this embodiment, an L/S pattern has been used 
as the pattern formed on measurement reticle Rt/ but a 
cyclic dot pattern resembling the actual circuit pattern 
20 whose image can also be easily processed can be used 

likewise the L/S pattern. In the case of using either 
pattern, however, the pattern should be a cyclic pattern 
close to the minimum line width or the minimum area that 
the subject exposure apparatus is capable of transferring. 

25 

[0116] Further, in the embodiment, the patterns formed on 
measurement reticle Rt at the five positions, in the 
center and the four corners, were made up by marks MR, 



however^ marks MR can be formed on measurement reticle Rt 
according to a desired positional resolution for 
obtaining the best exposure conditions. 

[0117] Moreover, although the L/S pattern of the same 
cycle direction has been used as the pattern formed on 
measurement reticle Rt, a combined L/S pattern having 
vertical lines, horizontal lines, diagonal lines and the 
like, which are formed close to one another, can be used 
as well. In this case, aberration measurement such as 
astigmatism can be performed. 

[0118] Furthermore, in the embodiment, although pattern 
matching that calculates the correlation coefficient has 
been used as the pattern matching with the template 
pattern, a pattern matching may be used, for example, 
that calculates the difference between patterns. In this 
case, although the pattern matching result is minimal 
under the best exposure conditions and the pattern 
matching result becomes larger as the exposure conditions 
move away from the best exposure conditions, the best 
exposure conditions can be decided in a similar manner as 
in the embodiment when this point is taken into 
consideration . 

[0119] In addition, the template pattern can be made to 
be a pattern that consists of only the maximum brightness 
or the minimum brightness. In this case, as well, by 
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checking the dependency of the pattern matching results 
to the exposure energy and the focus position, the best 
exposure conditions can be decided. For example, by 
directly using the first method for finding the best 
5 exposure conditions in the embodiment, the best focus 
position can be decided, or alternatively, a focus 
position at which the pattern matching result becomes an 
extreme value due to the change in focus position when 
the exposure energy is uniform is obtained for each 
10 exposure energy, and the exposure energy value in which 
the type of the extreme value changes from the maximum 
value to the minimum value can be obtained as the best 
exposure energy. 

15 [0120] In addition, in the embodiment, the best focus 
position has been obtained by performing exposure while 
changing the Z position of the wafer, but the best image 
forming conditions can be obtained when main controller 
20 changes the image forming surface position of 

20 projection optical system PL in Fig. 1 via imaging 

characteristic correction controller 68. In this case, 
main controller 20 adjusts the image forming 
characteristics of projection optical system PL via image 
forming characteristic correction controller 68, in order 

25 to set the best exposure conditions. 

[0121] Further, in the embodiment, the excimer laser beam 
source has been used as the light source, but an emission 



line (such as a g-line and an i-line) in an ultraviolet 
region from an ultra high-pressure mercury lamp may be 
used. In this case, the exposure energy can be adjusted 
by lamp output control, an attenuation filter such as an 
5 ND filter, a light quantity aperture diaphragm, or the 
like . 

[0122] Still further, the present invention can be 
applied to any wafer exposure apparatus and liquid 

10 crystal exposure apparatus, such as a reduction 

projection exposure apparatus using ultraviolet ray as a 
light source, a reduction projection exposure apparatus 
using soft X-ray having a wavelength of approximately 
lOnm as a light source, an X-ray exposure apparatus using 

15 a light source having a wavelength of approximately Inm, 
and an exposure apparatus using an EB (electron beam) or 
an ion beam. In addition, the type of the apparatus does 
not matter, whether it is a step-and-repeat type, a step- 
and-scan type, or a step-and-stitch type. 

20 

[0123] 

[Effect of the Invention] As it has been described in 
detail, according to the method of deciding exposure 
conditions of Claims 1 to 10, the pattern formed on the 
25 mask is transferred onto the photosensitive substrate 
under the exposure conditions where various kinds of 
exposure energy and focus position are combined. Then, 
pattern matching is performed between the pattern 
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transferred onto the photosensitive substrate and the 
previously prepared template pattern, and the best 
exposure conditions are decided based on the result of 
pattern matching, so that subjective factors can be 
5 eliminated and the best exposure conditions can be 
decided in a stable manner with good accuracy. 

[0124] Further, according to the exposure method of Claim 
11, the pattern formed on the mask is transferred onto 
10 the photosensitive substrate under the best exposure 
conditions decided by the method of deciding exposure 
conditions of any one of Claims 1 to 10, therefore, 
exposure can be performed with good- accuracy . 

15 [0125] Furthermore, according to the exposure apparatus 
of Claim 12, the pattern formed on the mask is 
transferred onto the photosensitive substrate based on 
the best exposure conditions decided by the method of 
deciding exposure conditions of Claim 1, which is stored 

20 in the storage device, therefore, exposure can be 
performed with good accuracy. 

[0126] According to the exposure method of Claim 13, the 
exposure method of Claim 11 is used in the exposure 
25 process, therefore, high integration devices that have 
been difficult to manufacture, can be manufactured. 

[Brief Description of the Drawings] 
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Fig. 1 is a view showing a general configuration of an 
exposure apparatus related to an embodiment of the 
present invention . 

Fig. 2 is a view for explaining an example of a specific 
5 configuration of an illumination system 10 in Fig. 1. 
Fig. 3 is a view for explaining a part related to dose 
control of illumination system 10 in Fig. 2. 
Fig. 4 is a view for explaining an outline of a principle 
of scanning exposure by the apparatus in Fig. 2. 
10 Figs. 5A to C are views for explaining a principle of 

deciding the best exposure conditions in an embodiment. 
Fig. 6 is a flowchart of deciding exposure conditions in 
an embodiment . 

Fig. 7 is a flowchart of a subroutine 221 in Fig. 6. 
15 Figs. 8A and 8B are views for explaining a pattern formed 
on a reticle Rt. 

Figs. 9A and 9B are views for explaining an arrangement 
of divided areas on wafer Wt- 

Fig. 10 is a view for explaining an arrangement of 
20 divided areas. 

Fig. 11 is a view for explaining a state of a transferred 
pattern due to the change in exposure energy I and focus 
position Z. 

Fig. 12 is a flowchart for explaining an embodiment of a 
25 device manufacturing method according to the present 
invention . 

Fig. 13 is a flowchart of processing in step 304 in Fig. 
12. 



[Description of Reference Numerals] 

l...Light source (a part of light intensity variable 
mechanism) 

3...Rough energy adjuster (a part of light intensity 
variable mechanism) 

19. ..Stage control system (a part of focus adjustment 
system) 

20...iyiain controller (adjustment unit) 
21...Wafer drive unit (drive mechanism) 
29...Storage device 

40...Illumination optical system (a part of detection 
system, a part of focus ad j ustment system) 

42...Photodetection optical system (a part of detection 

system, a part of focus adjustment system) 

PL...Projection optical system 

R...Re t i c 1 e (mask) 

RT...Reticle (measurement mask) 

W...Waf er (photosensitive substrate) 

WT...Wafer (photosensitive measurement substrate) 
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FIG.l 

20...MAIN CONTROLLER 
FIG. 2 

l...EXCIiyiER LASER BEAM SOURCE 
5 2...BEAM SHAPING OPTICAL SYSTEM 
20,..MAIN CONTROLLER 
FIG. 3 

3...R0UGH ENERGY ADJUSTER 
20...MAIN CONTROLLER 
10 FIG. 

START 

201...LOAD RETICLE Rt. 
203...LOAD WAFER Wt. 

205...SET Ii AS EXPOSURE ENERGY AMOUNT . 
15 207...SET Zi AS ALIGNMENT TARGET POSITION OF WAFER IN Z 
DIRECTION (i<-l) . 

209...MOVE SUBSTRATE TABLE TO SCANNING STARTING POSITION 
WHERE SCANNING EXPOSURE START POSITION WHERE MARKS RM ARE 
TRANSFERRED ONTO DIVIDED AREAS DAij . 
20 211...SCANNING EXPOSURE 

213...WHETHER OR NOT EXPOSURE IN PREDETERMINED Z RANGE 
ENDED? 

215...UPDATE TARGET POSITION IN Z DIRCTION. 

217...WHETHR OR NOT EXPOSURE IN PREDECIDE I RANGE ENDED? 
25 219...UPDATE EXPOSURE ENERGY AMOUNT. 

221.,.TEMPLATE MATCHING WITH TRANSFERRED PATTERN 
223..,FIND BEST EXPOSURE CONDITIONS. 
225...STORE IN STORAGE DEVICE. 
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END 
FIG. 7 
START 

22.7...UNLOAD WAFER Wt- 
5 229...DEVELOP WAFER. 

231...DOWNLOAD TRANSFERRED PATTERN. 
233...SET TEMPLATE PATTERN. 

235...PERFORM PATTERN MATCHING BETWEEN EACH TRANSFERRED 
PATTERN AND TEMPLATE PATTERN. 
10 237...STORE PATTERN MATCHING RESULT. 
RETURN 
FIG. 10 

COLUMN DIRECTION 
ROW DIRECTION 
15 FIG. 11 

Z POSITION 

EXPOSURE ENERGY AMOUNT 
NO TRANSFERRED PATTERN 
WITH TRANSFERRED PATTERN 
20 FIG. 12 

301...DESIGN (FUNCTION, PERFORMANCE, PATTERN) 
302...MASK MANUFACTURING 
303...WAFER MANUFACTURING 
304...WAFER PROCESSING 
25 305...DEVICE ASSEMBLY 
306...INSPECTION 
SHIPPING 
FIG. 13 
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FRONT-END PROCESS 
311...0XIDATI0N 
313...ELECTRODE FORMATION 
314.,.ION IMPLANTATION 
5 BACK-END PROCESS 

315...RESIST FORMATION 
316...EXPOSURE 
317...DEVELOPMENT 
318...ETCHING 
10 319...RESIST REMOVAL 
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2 4o I N T ^ tifc IS E M ^ n -^'^ <7) 

[0013] 1 comitm^^m:^^^X'i^. ^-r. 

(mix^) o z(D^s^^ mit^ 20 

(^^fb^ii^^'J^-f^ tcRI* ^ tifzm^ fj^y'y^h m±^i^ J: 

10 0 14] T^x MlTt^n/'cffl^ffl^jj:^^^ 

(m^y<^-» ^m^L (^2X^) . :i 

^ (^3Xe) . -r^afD-h. A{CJ;agm<i:l/^o/'-'i•tg 

^f*^*i65 (m4Xg) . 
too 1 51 L/--;05or. IS*rl 1 (DUT^^f^^^^^ife 

[0016] itJj^Ji 2 izmm(D^mi^. it i (t^h^ 
[0 0 17] ztiizxtii-^. m^^^-^i^^/i^^mm(D^E 
[0018] $mm 3 {zmmcD^mit. tmm i com^ no 
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[0 0 19] m'^mi^Jt^m^coy 

[0 0 2 0] fS*iI 1 ^7)Si^^(4=^^;^^i^c^^l^T. ifl 

ti. mx_mmm4{zmm(D^m(7)Xo{c^ mtd.mmm 

m±(Dmmmm(D±m\zt:>tz-^xwm^tifzmm^^j:y< 
^->^ti.xhB:^^L. h^\^^itm^km5\zt^m(D^m 

(Rt ) (Dwimm~itmmm^(omiti$Mm(o-mzwm^ 
titzmm^fj:y<^—>tLxh^\^\ zzx\ mmm-^ 

K • y h:f^^<Dm^i,zit. mft^mmzm^^ti^-^< 

' T> I' ' y^^^>:^^(Dm^{zt'^. m^i^co^ V y h'Jtk 

to 0 2 1 1 m^m4(Dnyt^w^'^:^mi,z^ti\t. m 
•^m'^:^^(Dm±mmm^(omittmmzit^ztzmf:L^&m 

(Di^B y hm^(D±mz^f:L^X^<^ — >'7y^l^^^ 
too 2 21 mi^^S(nmt%:\^^'&1jmz^th\^^ y< 

i^—>-^y^>^^comM-m^&mxt^<Dx\ mm\zy< 

-t^zbt^x^^^ 

[0 0 2 31 *:i**^S5^0S^^^4^*^^fi(^:^^l^T 

mim.%\zum.(ow^n(r>^o\z^ mtm\'&m-^>^^ 

(Rt ) <^ffjl£afl^ffi>'>^->755^^^iK$nfcSus5il^ffl 

mskt-w^^2\^j.j^(o'm-^m.t'^^zht-x^^. z 

/::Sfi:S^lfef4^;5- #^/J^^«ft :y.^y<^ - ><7)ft 
I 0 0 2 4 1 lt*Jl 1 (OS3t^f4=*^:^?£(C4ol^T. Su 

— m'^mm%mL<r>^i)^hm^^f\^fz-^(r>^mm. 
mzm-^-^Mz^^^-^t-t^zb^yx^^x^. it5ftja 

HtjfSS'J^ffl^^^->'<i:MffiSfJ7fe^^ (PL) (D^S 



( 5 ) 

7 

. [0 0 2 5] IS*:il7(7)gi^^f4*^:^?i(::j:nfi\ T 
[0 0 2 6] i/c. IS*il8(7)||^^{4=^^;^^i(cJ:tL 

[0 0 2 71 -^tL. m^^9(Dn%^\^^'m^mz^fi 

-rti^>~Jjt)^h(7:>^^j:^^<9 — >t^^(DX\ lt*3S8 

hy<^-i^(Di^mz^fz^x-mif^m^'£^mt L^iv^r- 

[0 0 2 81 tff*Iil(7)ii^^f4:*^^S(CjoV^T. * 

^h^^m^mit^{^ti.xnm^n^hn^i)>. it* 

III 0(cffitt(7)^P^(7)j: tljf£^^li3t^f^^. ffl 
fE)t tt:^f^ Ba-r 6 :Sra :7 - ^ fi B Bii- ^ ^f4=^ 

[0 0 2 91 1 l:ife«c«D^P>q(i. il5tfflra,P>^5fe 40 

CiJ:^)-^;^^ (R) ^.Ba#tL, tfjte-v;^^:^ (r) [-?fM 
^^fz.^<9->'^^^it^lh (PL) ^:frLTig;^S^S 
(w) iw|^:^-r6ii7t::^riT'^oT. mjfEtS*JSi~i 
0(Dl^-m75^-II^cfe«cois*^f**^*^fe^cJ:oT* 

/-cifTt^f^icxBute'^;^^:^ (R) {zj^^f&^nfz^<^-> 
^^mit^^ (PL) ^^LT^iss^ (w) ice^i- 

[ 0 0 3 0 J - ^^m(Dmit^\^m:'^:^m 
'^^^^xi^'^^t\.fzm^m±^mzx.r>x . -^^^{zm so 
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f&^nfzy<^->^&^yt^m^in'Lxi^jtmmzm^ 

[00 3 11 2 i::|£«(0^^{i. B*fflfis.P>^^ 

{c:J:«9-^;^^ (R) ^fis^L. Sfjffi-e;^^ (r) (cJF^^ 
^nfc^^^$'->^SK7t^^ (PL) ^^LT^it.SIS 

(w) (c*K:^-r5S*iSMT*fcor. mmmf^^mm 

(w) ^mJlBS^Tt^^ (PL) (D7tffl;^r&]&t>'cti{^ 

]K^-t^2&:7€^^mj;^xmW}'r^m9}mm (21) <t ; 

(4 0, 4 2) ^WL. ^fiim^ (4 0, 4 2) (Di[^m 

'^^^^^^L-D-ommmmmm (21) ^^urmjis 

PS^5:7^ — (19, 40, 42) t \ m 

( 1 . 3 ) t ; mmmw^mm (21) ^tj^Buts^^^ar 

(1, 3) ^fflV>rtTt:>n/-cMfSli*35i i-f2« 

teit-r^tett^M (2 9) t ; mmmmmm (29) 
tm^titzmBim^^i^t^^^^^oi^. mm-7:^—tf:^ 
mm^. (1 9, 4 0. 4 2) i3o@sfie^t/ffifs^3*ff 
(1. 3) (D^p^j:< th-':^^mm-r^mmm 
m (2 0) ^^(ix6o 

[00 3 21 ^tmm 1 2 CO® *iSMT'(i. mmmm. 
y:t-:^:^mm^.. Rv^ytmm-^^mm^i^mi.x. m\ 
'^m^^^^U(DWMitm±{z^i,i^^ K\^^{zm.^'t^n 

istcBat. m~rr\zr:>\^^xitm^mmmmm=^i&m^^ 

ft^mm<Dmmiti&:^i^(D&m:^mm\z^i[:^'^x . 
mm^n^*th{zm'^m'^:^i^{zmf&^tifzm'^my<^— 
>^m^-r^o zthh(DKmmm<D^n'eix{zm 

— hy<1^->'t(Dy<^ — >'-^y^>^^'fi^^{zm^^^X^k 

ibhtitzMi^myt^i^^nd.mm&izmm'r^o ^lt. 

[0 0 3 31 LTtT^^oT. immi 2(Dmytmm\zxti 
it. smmi(Dmyt^w^'^:^m^^mx^^ttiy 
{z. -(Dm^¥:m 1 <7:>mit^i^}^'^:^^Mxf^'^^tifzm^ 
mit^i^x-^ >^ ^ izmffS. ^tirz^<^- > ^ss^ ^ 
if^Lxmmmmi:im^T^(Dx\ mm^Km^^^mm^m 

iti-^zt^^^x^^, 

[0 0 3 41 tmrn 1 3 izmmcn^mi^. m^m 1 1 (d 

^ :^(Dmm:^fixh^o 

[0 0 3 51 ^n{cj:ti(i\ m^^mi i(r)m^:>jii^^m 
i^^(ox\ fS*iii-'i ocoi^-rn7!)^(D®*^fit^!^^:fe- 
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[0 0 3 6] 

[0 0 3 7] mi tcd. -mmmmAzm^mitmmii 0 
[0 0 3 81 :i(Dm^mmi 0 oit. mytmmm^^^ 

^Tfe^^PL. l^mm^tLX(D^=^y^W^^mLXX 
tlXl^^o 20 

[0 0 3 9] m2i-±. mtmm^. i o (oMci^mni^c^- 

>X7A. ^2yu— /U-y^^^ 

^t>'nri!lU^i7/U:/^>r K8 B^^ffi^T 

[0 0 4 0] ^(Dsap^^^ i 0(7)±tefg^^g|5(:i 

o\/>-Clft0.^-r^o ^=^-^-^1^— LTfl. Kr 30 
F:n:3rv--eU— (^tlK:^ 2 4 8 n m) . ArF 
:nJf-i/-eU'— if^^. (Mtg^SS 1 9 3 n m) . 3?.(iF. 
::i^'>-eu-if)tag (Mtii^Sl 5 7 nm) $ 

10 0 4 1 ] m^'d'-'J^mMit'^%2\^^ me^^i^^u- 
ff^t^^. f^L— if t^-ALB(7)^j?Sf^;^ic|S[t6n/-:i:7 

[0 0 4 2] Htjfe^^>/i-^"aii^3 (1. t:—M.mmit^ 

^2f^:*'(Du— if t^— ALB^D^^§±^cide^tl. 

T'{i. [H]is«3 i(7:^mm{zmi&m {=i-mitm) (d^ 

^i'S^SiScfia (C?'J;t(!6®) (DNDy >{ yi^^ (miXlt^ 
(D[^cr>2M(DND^ >f 3 2 A. 3 2 D<D^7^^^7ik^ri 

^ifigt. -^(OlHie^SS 1 ^lEiJ!)^-^ 3 3T' 
[E]^5t'^:l cblcj: "9 , A#t^5 i^— jUL BlC^i" 
^^iji^^ 1 0 0%^-b^it*S^6^{c^i5:I^PfT^^t9m 50 
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K,^z.t^^^X^^J:o{zfj:^X\^^^. mm^^—^ss 
(i. £SJ^S£B2 OlcJ:oT*Jtai$nSo ^^^/t- 

[0 0 4 3] HflfE^^^^rr^ U>X4(i. :3i^/udj£3af| 

^ R ^i??- sas^^ -T^sa -r 6 7t {c 2 7):± 

m^mf&'t^a Z<D21[kitm^^hMHi^^^U—^}:f— 
[0 0 4 4] mjt£>^^>rT-Y U>X4<7)t+ttl®(7)iaf^ 

1^4 X. {i'ii^co R ff^gg p J: 19 ^ ^ P?B p «9 . /J^ ^ R Jf^r^ 
pJ:'9^'9=ifc — u>'>^:7r:^^i5'T'^^a ^^l:^/J^ ^ < i" 

^fci6(7)r^p)?^*9. m^mmm<Dm^ik(Dmofgi^ . r 
mmm^^^ imixi:i:z(Doib(D2mm(omt^^^<D 
r?Bp^DS5{i. f^ii6-r5iis^^g<t LTc7)^^J^9$lB 

[0 0 4 5] BS0^^p^pi|^l9^5f^;^(7)/>/Uy;0S0^^ I 

U^^/Py^^ > K8 AS.I>'"^SjU^^/uy^^ > K8 
B^^^t^-t^rTmi y l^-l^>'X7 ASt>'l|2 y U 

>x7B^^p.^5y u-*^^;6^iag$ttTv>5o 

[0 0 4 6 ] @^i/^^/u:7"^-r > K8 AJi. i-^f-^/u 
LfcSiCiafi^n. ^^:^^>'l-R±<DB8P.g«gi« I AR (lil 

4#BS) ^a^i-5^?f^^P7!i^?f^;7Jc^tLri^6o ^/c. 
g>RWM75S^^O^Pffl5^^-r5^«li^^^/uX^-< > 

"^m^^^ /\-y^=7^ > vsB^^L^xmmm^ i ar^ 
[0 0 4 7] y u>-7fe^^^t^^ic-r'5^2 y u~u:/x 

U>'X7 B^iia§Lf::^^Vu^HSp^5t I L^U^^^/u 
[0 0 4 8] ^(D^o\Z\^Xmf&^t\.tzmmi^.l 0(D{^ 

m^mmzmm^^t. ^^^y^iy-^%m.it>h^<y\^ 

^^^Tt^tLfcU— if t^'-jULBfl. t:'^--^Sff^*^^ 2 



( 7 ) 

n 

^^r(S^u^^yu:7^^-f > K8 Aco^gff^(7)r^pg^$^t>' 
pTij!IU^^:^y^y^>f K8 B^iiiiiL/ct^. m2Vu— 

^n7tU^^/L-R±CDmff^(7)BS0^fljg^I AR^i^— Ties 

5 3 i: LTIt. mK.{Tmm^mxmf^f)^-h n . E-Ozcar 
'>:3l^^wco^®_bT'<^)^^/^;^BB^^ I L(D.^,jS (it 

[00 5 0) uaidii, m2<Dmm^\ o(nmitmMm 30 

(i> U— If 1 a . tf-Ay^^y 1 b. ^^^/U 

1 e ^/^j^I^JtfbttTl^^. /^:Jo. ^^^/U^^ffip^S 

[0 0 5 1] [Il3^r^^l^T. ^— tf^t^^i a ^O^^b^vl- 
-Ax-ry y ^ 1 b ^^gilLfiU— if b— B;i5^§|5 

ciwm^n^o ^/c. b— A;:^:/y :y ^ 1 br-j^tt^n 

7t u - if b ~ L B ;0 ^ J: ^9 fiic ^ /i- 

— i'lclcAML. ::coai^./n3f^^::i:5? 1 c 7i^«b<7)7fe^ 

Si: LT:3i;^/U:^'z2> hn — ^ 1 d Clftt?^ ^ ttXl ^ -So 

1 c cOtli:^? E S iC^/tC-T S 
fflftO^ffid (m J/pulse)-efo-5o ii^(7)M*B#{C 
fi. ^^wU-^'n> h n — ^ 1 dfi, 5^ 1 c 
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l/-^f*S§&l alcm^^tL'5^^^/^=¥^fg/±ma^.l e 
■r?:^:b^. hn-^ 1 dii. **JI9^e 2 

^aii^jfem^±ffliai^M2 OT'ti^^tt/iJliSfct^i^^ 

:r.'^^^'^\^—'^±m.iX(0\^<jvy^^fz 
^ (D:^:^^jue^i)i±UWmm.2 oxmyf^-^titzmttj:^ X 

[0 0 5 21 -^fz. ^^Srv-^j-U-if^tagll^Ot'-iN^ 

I b(D^imz{t. ^mmmm:2 o^-h(Dmmm 
cx u-if b— L B V-r y ^ 

1 f 'bsae^^xTv^So 

[0 0 5 3] mi{zm^. Bijf£l-'^^/l-:^7"— v^R ST 
V^'So l-'^iJ'/^^^^'-v^R S T{1, U^i^^/URCOfeMifc 

isb<Dfzi^. m^Mit^n(Dit^ I X (f^Si-rss^^^^ 

[0 0 5 4] ^fr. ^COU^^/U^f" — v^R S T(i, ^ 

(zzxiiYiA:^\^t-r^) {zm-^^ttfzM^mmx^ 

i^^^>'i^R(0±®;iiS^>/^< <h t.«0>^)t^^<D*ttI X^ 

mm^zt/)*^x^^fzii(D^my^ hn— ^^^ltv^ 

So 

[0 0 5 51 '::^RSTiii;i{iu^i7/uu 
^9. u^^/u;^-7^— v>R s T(7:)^7^— i/j^ljb®rt(7){i^g 

um(Dm^mxmmifktti^n^o zzx\ mm^zi^. u 
^^/uxy^— >?RST±ic{i^^;^r^ (Yii^i^) {zm 

5. u^^/u^^f+ 1 6 d: LT^^ttrv^So 

[0 0 5 6] i^'^i:^ 6f)^h(Di^^i::^ Juysy'— 
i^RST<Di^L&mni■±y^y'-i^mm^.l 9RUzn^^ 

Lx±mmmm2 oizmhti. y^^-i^mm^.i 9Xit 

^MmmS 2 0f)^h i: T u ^ /u;^ 7^ — R 
^:f^LT^'f-^/^;^7^— v^R S T^fgfti-So 



( 8 ) 
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[0 0 5 71 fj:i6. ^m7jk<Dl^^^Ji^ry^?^'^ hm^ 

[0 0 5 8] HutaiSi^Tt^^P L{i. l^i^^jl^y^y'-i^ 
R S TtOlU Uc4^(t 5 T*-tcgdM^ti. -^(7)3t$4AX 

5 )t w A X :^ o r Fjf ^r«i Pi -eia® ^ n /c mmk 

(DU^Xznu^ h 6 0 a . 60b. ^^J^e^^Stfr 

L(cJ:or u^^yuRtDBSp^^jgc I AR;55 0a,0j$tL^ 

[ 0 0 5 9 1 mjtEU>Xni Ut^ >- hCO 9 "^3. L/^^yL,;:?, 
7^ — VR ST(C*t>SV^— #±(7)U>XaiU> > h 6 0 

64a, 64b, 64c (^®ftfll]c;:)|gl(3^^ 6 4 c 

6 <!:igj$SnTV^-5o ±fe(7)igifj^^6 4 a, 64b. 

6 4 c J:oT. U>X3i U7< > h 6 0 a c;:)/^iZ2 3 .^^.^ 
MalCi. S^^^^P LcO^*4AX^f^{c^I!j^-tJ:-5C 

> h 6 0 a ^mW]m^ 64a, 64b, 64c c^^fi » 
{OS i: r ^tt A X ( C fp^ o T ^fr^K $ it 5 r i: # 6 
.t^t^lc. ^#AX<i:Mia?fe¥Sic^UTfilr{cM#4^ 
-tirSwci: t>T'#5. -^LT. wtnb(Z)Sgijb*^^ 6 4 a . 
6 4 b, 6 4 c (C^x.^n5mffi:0^. ±^Jffl]^®2 0;!)^ 

oTSiJia^n, ::ti(cj:origl(i^^6 4 a, 6 4 b, 
6 4 cO')mu.ML^^^Mm^ti^J:olzfj:^Xi^^. 
Hl'f'. S^^Tt^SP L(07tttAX{i^fi!gl5 6 6tC(§^ 
$ tint's UVXmuy > h 6 O b -^(T^flilfOU^^X^U 40 

[0 0 6 01 ttz. ^mmmm{:i^\^'xit.. s.^*^^ 

o:>[^!£/)^^^myr^(nf±t}mmmm (^•Jx.(f-<D-x;te>^x 

mmmt±m'i&mm:2 o/-5^6(/:)^i^^ls-^v^T^:g^t#tt 
MiE^^v hn-v6 8{cj:oT^jiaii^n, enactor 

[0 0 6 1 1 ::>l"t\ UVXoiLU^ > h 6 0 a cOj^lAA 50 
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^itfcii). T^^;^ H-'v'3>"^&i^7t^SPL(7:>;s{t® 

[0 0 6 21 9fFteXY>«.7=— v^^gl 4{i. ^Iil7!^(7)--C 

-^±^^^;^f^T'^5Y$i*-f^ ([1 1 tcjott^:^*;^ 

mMm.^i3\^) {ctt^^fftnT^n^XXT^-v^i 2 <i:, C 
c7)X;:^T— v^i 2±{^^ttbnfcStg7"--y/n 8 i:^ 

[O O 6 31 SISx — >^/H 8{i, X;^7" — v=l 2±tw 
X Y *-f6l (wfeM^*?) ^ tt;0^o Z *ft*-r6] (?)^tbS t>*<S^75S 

t^m-^ntz^^j^mxm^n^-fhtlX^^^^ ^LT. CCDS 
^x-~X/H8(l. S/.^'S 3.*kCO^}^.^.T':^|gl7r:(D3*: 

(om^^ox^n^tix^ntd^ . z.thh3-^<Dmimmm 

mt LT(7)'^ai/x|gtjf,jgH2 1 {:iJ:o-C^4AiLr 2tt:fr 
^ttfO^^NWcoMfig (zM::^f^ffiS^U^XY^®tc 

n-t^mm) fimm(Di^m\zwL'^^ti^xo\ztii^x\^^ 

[0 0 6 41 S1S7^-->^VH 8±{3fi'^^/NU— 

t::^'--A^jStt-r6^«^2 7;5^S^$n. ^§f5{::Sag$ 
t\.fz^:^^m\2S\Z^V) ^ SSt^ — X/H 8C0XY® 
f^r'(7){ig;6^<r!l;t{^ 0 . 5 - 1 n mUm<D^M%mX*'^m 

[0 0 6 51 >r--c% mWi^-y'ji^i suz 

^cl$^, ^^S*•^^^{c^l2tti^^t^4^Tv^5;6v mix 

;^t*#) fi^T— 1 9.^t/ZtL^^Lr±^Jta 
i^g2 OiCil^lbtL, ^^T^-v^^JfgJ^ 1 9T(i^^JtaS^g 

2ot^h<Dmyf^\z]&\Lxmm±m\nn {jL{tMm.mm) 

\zm^\^^x^:^^^mm^^m.2 I cmti. x;:=^7"— v^i 

2. Y;^7^-v^ 1 6(7).fgft^.St/S^S7^-:7/H 8(7).|g 
ft^CD^r^-g-tp) ^^LTY>^X — v^l 6. X;^7" — 

v-'i 2^^jt9-r^. 

[0 0 6 61 — ^VH 8 Ji{C(±. 

>tmm(Dfzi^(D^mmm'^-^ m^^^titzmm-^— 
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[0 0 6 7] rnKD^mia^. ^:^^^wmm<Dm 

^^^8 0. ^ 7— 8 1 , ^TfeU-VXS 2, — 

tg8 3. UVX8 4. ^ 8 5:S:t/HS#t^f}^U>X8 

6 7:)>tb/^5c5BS#t7t^^4 O i:. It^txt^t^u-^XB 7. In] 10 

9 8.&t/#fcO-7:^ h-tr>i^^Wr6S:7t^9 Oy)-hfJ^ 

BB^6 - 2 8 3 4 0 3-^^lft(;iFf8?j^$nru^>5o 
[0 0 6 81 :icr% :i(D^.^.'7^'-:fy:^{i!:m:^lti^ 
(4 0. 4 2) otg/^^§|5[zo^.^T. <!: t>(c: 

Ti^fb^^r-f^^^S 0^:/hLT*;)>nTV^5o it'7r^ 20 
/^m8 O;!i^(bWtH^n/'cBS0^)t(i^ ^^„8 1^tKm^ 
U>X8 2^^1T^^^ — >f^^S8 3^Ba0^-r5„ 
[0 0 6 9] C(7)yNi$^ — vff^fig^SS 3±t;ifj::^|il^(7)1S 

m U>X8 4. ^ 7 — 8 5^Uf0S^*fi^u:/X8 
I A(7)^{C*Sft^tl^. 

[0 0 7 01 ^LT. '>^^^W(7)^S^iS^S^^^(7))K#t* 

7t$*AX(CxtLTmjfS0a#t7fe^3^4 O;0-^(7){t7t 
4^U>X8 7, [H]te:^r^}g»j1S8 8:5^t/^ftU>X8 9 

S9 8±{cm^ft^n^„ z.(nwif^\%^M:Lm^^it^ 

9 O-C^m^fi. ir>'i^il*^lH]SS9 S^^LTft-^^H 40 

[00 7 1] r 9 LT^^^1^JSLT^#6n/c^^^D^;^ 

-:^xft-^7!i^±f^ijffl^g2 0{Cf^fc#^$n5o ^LT. ^ 
?^>J{»iSM2 0(1. ^^^^WC0||7fe^Ij^ I ACO^t^lSft^ 
nT'cMP^^^^-Xrrj-r^:^^-:^;^!!^^, 2fc(7)-7:f 
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1 9^t>*»^^/NiZt!j3^M2 1 {cj:oT. ^=^^^'W(onit 

I A<7:):7^-;^;;^'^:bit^U-<i; >:/IiS;6S?Tt:>n 
^J^^y ^ — ioMiLm.^\k!x^. (4 0. 4 2) ^ 

[0 0 7 2]^fi. HI Si^Tt^^PLcT) 

^e2 oicfifc^^^n^o 

[0 0 7 3] ^l|l®?f^flg(7)^7tS§® 1 0 O^Cjb^l^T^l. 

[i]4 (CTj^^n^i: ^ tc. u^^/uR<7)^S*f^ (Y$ft:fe- 

y ht^) COSSP^tii^I ART'U^^/UR7i)^0Sp^^tL. 
■r» ^tt^o SBP.^«i«cIAR (**iL^(l*ttAX^{5l^ 

ti. 9S0>^^I^ I ARCiJt^^:^^;^ y y h'^cD^mm^. i- 

( + Y;^f^) icu^^/URf-p^LT 

T^oJ^. U^^/^RcT)^'-^^ — >^igcP Ac;0/^^ — >7i^r^ 
I3lv^W±C0v'^ :y hm«c S AiJCjE^tcSg/jNte^^n 
5o 0B,P>^«iS6 I ARO:^^:^f^(7)itgil. U^^/UR±(7) 

/N^-^mi^p AJ: f9 tiA< . il7tSii^ST(0&:^i|ilJ: 
<h J: <9 y ^ ^ - P A ±® ^^fSBB^PJ $ n S ct 9 o 

[0 0 7 4] :L(D^^mmitmm\ 0 ox{t.. ±teo^ 
(r£-^i/>r±*j»iga2 o\zx.^ :^'T—i^mm^i 9^ 

,^.:7:^-:^;:<^ig^^ai^ (4 0. 4 2) (Di^mn^\Z.m 

m^^^.PLizmi.xmkt^j:^xo{z^ ;^^o^^7t^ 
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1 0 0 7 5 1 7^{z. ±m<Dmitmm i o o {cm-r^m^ 

(7:>f4fiZ(ciae^ti-cv^5o ^7t. 115 (B) 10 

LW=/3 • LR 
LWP= 2 i3 • LR 

(:7^«-:^^feM) ;!)>^ft:i-^<i:, (2) ^(ommn^k 

T\ (1) ^(Dm%^mfz'rt{t.mh^i:\^\ -tt^^^. 

Z(Dm^LW (I, Z) T'^^o ZCDfzisb. (1) ^(7) 

azco^fbidJzoT. (1) ^c7:>H<^75^^(73-mc7:>S'g^ 
(Ib . Zb ) 

[0 0 7 7] t:L^-X:\ ^ :^^^mzm'^^tLfz=7 ^ 
LW<bS*B6<j/^^^>i|>MLT (=3 • LR) t(D^<7:>m. 

I AL I it^^f4= (I, z) t^m^n^^ 

(Ib . Zb ) f)^hmti^t^^<f^^. -r^jii^h. 

m^^i^ (I. Z) ;0^»g:^3t^f4^ (Ib . Z« ) 

t(Dy<^->'^^y^>'^t:Lfzm^. myt^i^ (I, 
Z) ^^McB^m^^i^ (Ib . Zb ) ffiBI 

[0 0 7 8] LTtT^^o-C. J^TtO^jil^HtTi- 

mmzwimi-^ t . u^^/uRic^f^^^n/c^jj^^/N^ 

Z(Om^'^:b-ii:cD®^^f4=-Cll^^m\ -^^lyNWClte 40 

^ > ^ t \ #11 7t * i4=S {c 0iJ ;i (i* t@ Bl^.^ ^ 
^isb^. ^LT, *:&!)f;tBBa^^(7)2»:7cffiS (l, 

z) izion^'^:^^^i^fzm. w^mmccomm^^'^ 

LT. ^o')r4fS<i:^^^ 2y:7cM^i (i, Z) c7)0i1Hfi/i^ 
ffM-r5[iI?f$(cS-:5iNT. ^^iS^^f4= (la . Zb ) 

[0 0 7 9] /^ib\ rcO#IiilCiol>T. 

T±iiEc7Ma:i AL I ^fsffl-r^^ci: t.#x.'bn'57i^. fa: no 



) 1 1 -2 3 3 4 3 4 
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US (C) {zi'^^:^.^^w±{zm^^titz 
— (L/s-7— iJ^) pwcofi[,-t:ia;65^$nrv> 

5o ccr'. 135 (B) {Z7fk^nhx.b\z. i-^^/uR 
ifZw^f^i^nrzy<i^—>pRa. ^^>*iLR. Mnmm 

2 LR(DL/S-v-^T*fo5<!ri-6 ^=^y^W{zm^ 

^ti^y<i^ — >PWi'X. 115 (C) {z^^ti^Xoiz. 
^-O-tlLW. iE^(Ji^^LWP^^-r5 L/S-^-iJ' <b 

[00 7 6] mm^^m^xi-x. ^mit^^ p L(^sj^ 

- (1) 

- (2) 

I AL I ^m\^^tzm^{z{^. y^>^ULW(D$wnzhtz 

m{zm^^fj:tmW'£>mtfj:^t^. y-i^y'^y— V^^^ — i^ 

t(D^<^ — >'^y^>i:fXi^^ ^:r.^^W{zm^^iXfzy< 

■r/.^:b-^. iy^*S®(7)il,S;^>ib(i. fit I A L I J: O tti 

fc^l^.i^ ^ f£ ffl ^ 5 ^*ij -e ^ 6 o 

[0 0 8 0] jitT. 116 -mi i^#0SLT. ^mmw^ 
m\z:fs{-y^m0im^^i^(Dmm\z^\^^xx^mm{zmm 
-r^a meRrjmrizn^ ^mmmmitz^sn^miS^m^ 

[0 0 8 1 ] ^-r, m6(Dy.y'yy'2 0 1{Z^\^^X. ^ 

^/i-Rt ^ii^t-f^^/t'XT^— v^R ST{Ca— K^H'So H 

^/uRt i,zmf&^tifzy<^—i^mfi5it)*^7jk^^x\^^h. u 
^^/I-Rt (cfi. US (A) iC^^tL^i: 9 i/^^ 
yURr — ^/ffli^P A£D4^^^^r/Eg{^a5tC|f 5fli 

co-e— i^RM;ii^>?fM$nTl^^o ^Z-::, -^ — ^RMCDm 
f&mmi^^<Dy<^ - >^mi$, P a (lig^^ ^ - > o r 
V>5o iJ^RMIi. US (B) fClTj^^n^ct 9 

rsi--jl»2LRx -eifi^j^ttfcL/s-^— ^.-efe>5o 

[0 0 8 2] li6(CM'9, ^^T^- ^:/2 0 3{C 

:^i5V^T. ^m7jk<D^=oy^ti — y{zX.-:>X. tWim^:^^^ 

[0 0 8 3] m^. :^y'yy'2 0 5\Z^i^X. iS3t^^^ 
^i^^yu^^I, ;ii^e5A I^J^TMs (N = «;^{^6) ^ 

:^^-/i'^(Dmm^3xii^mi{z^-^xrft>ti^o -r^j: 

ALB<7)igi§^^^fk$it^ - <t{;ij:ortT^^ti6o - 

ll3CO^^-/U:¥=r V h- a— ^ 1 c (7)a:i;^lE S > 
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. J: o T !f — L B :^m^ ^ tlti'Jikmxnt:>ri 
[0 0 8 4] 7j^V>r\ v^y^ ^y^2 0 7(;:4^v>T. ±*Jfa 

[00 8 5] 0 9{CjoV>r. 

^^Wt (D^mimo:>^mm^\^ a. j ( i = i ~m, j = 

RM;5^^|S^^n5^^P$^fi®{cS^^7^-yyU 1 8 
tb^tiSo :i(7:>^tt{l. ±*iJlflSI® 2 OicJ: 

5o Ii9:at>*igii o{;iji:. '>:3^^^w±ic:^3^t^E^i^«i«c 20 

ZfOv^a hSii^P^tCJi. [D9 (B) (C^^n5J:9 

^(CjZoTtE^^^n^EM^I^DAij i7:^oTl^^o ^ 

Elil^iiSDAt i (i. in 1 0{C;^^tt5 J: +X 30 

[0 0 8 6] m%\zm^. :^'r yy'2\l tciol^ 

^.^rcyNWr ir^f^^^ib^-tirT. MtSBSP^^igc I AR 
^7)*S^igc I A;5S^>3 h^Bi^S A{C7li^;i^ 0 *&i65ii:mr 

#,^,:7:i--:^:;^f4gl^t±i^ (4 0. 4 2) (7) 40 

t^a:Ht^{cS-:5v>r. i®Jfai3gM2 0{CJ:»9 xv^-v^a 

1 9^ij^:^^^mW}mm2 1 ^iti^xmwi'r—yjv 
mscDAu?i»^«bgtJiftL/-ii:fgicmifE'>^'y>5^ 1 f^p^i: 

[0 0 8 7] v;xy:7=2 1 1 t^mT-t^t. :^'Ty-f2 
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{ t -V - ^ R M^^Ig^ $ n/i 1 1 /cC O T\ F;f Z fitg 
^LT. y^y-yy'2\^\Zii^\^X. ^©JW^SM 2 O ^i^. 

;^x-->'©Jffli^i 9{c^^if5t{-:^b*^t'5•^7 3l/^WT <^z 

2 0 9^«I^^^/^T. Buil!<DJ:9iCLT. IK®^IigcD Ac, 
^-i^^ RM;!)5e^$ti5^SBB*&{ig(cSffiv^--y/u 1 

^l::M$tt6o ^LT. >^7^,y:7'2 i l^c:^oV^T. EH 
^m:>A,,(D^%tmWiZ.\^X. IKiij^igcDAc, {cB3-t- 
5-7-:^ RM(7)te:i:(7)fci6(7)^^i!*7)5tTt?n5o 
[0 0 8 8] Wk. :^'ryy'2 1 3tC:ioV>r. ^^(7) Z 

r\ iKllj^igcDAi, (i=3--M) tCgg-T'S'^'-^RM 
^7)^/5^#lJ^^n5o J^±T'{iE®^acD Ai , ( i = 1 - 

M) tzniz-r--'^ RM(Dm^^^^f^tltlfznf^(ox\ m 

l/^<t*>M^n. ;^7^-;/:/2 1 9{C:^oV^r. ;^7^.yy^2 0 

[0 0 8 9] 7^h^x\ m^^^^/i-^^'^i: (Dm^tmm 

tCLT. ^T^-y y^2 0 7{C:ioV^T. ^mm^^m 2 0 ii^K 
Z{iM;6^^Z, Xh^Z^t^m^Lti^ik. ^'ryy2 0 9 

'-^^'ryy2 I 5:^m^j&Lxmn^ti. ^mmmoA 

[0 0 9 0] J[Um. y^v'yy'2 1 7tCiol^r. ^^(7)g 
3t af^ffi IS d O I ^ T ^^H^Tii ^ ^ flj^ ^ tl 
^^X\ ISiUMi^DA. , ( i = 1 --M, j=3— N) 

— iJ^MR755^^$;fx5^ :7.y^yy'2 1 7{C*5V^r. BFf^ 

^ri^t. '^XiZ^ i^yV^— ^> 2 2 1 (Ciol^T. ^Eili 
Sii^DAi,{cte:^$ti7t^<^~>'<i:7^>'V'u— hy<^ — 

[0 0 9 1] [2l7{:i(i. ^>2 2 1 cOv^n— ^ 
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W.'r—y/i-lS ([gIl#BS) T^^ibT ^^C3— K^n. §l# 

v;7^:y:/2 2 9(C^dV^T. '^i^i/nWt ^mi^^tl 
6o y^X:y:7'2 3 1 {C:Jol^r. lift ^n/":! 

[O O 9 2 1 iJ^l^-e, ;^7" .y>^2 3 3{^:JoV^'C. 7^>:/ 

:^j:m^^<^—>'t'r^zthxt^L.. ^ti. mmmm 
fi. iKmm^DA.i {z^^^^tiy^^—^iD^xmi^m 

^ /i- t/g ^ :7 - ;<7 ;^ M (c * ^ ia I 
f*-Clt3t L tz IKiij^iaci^te^ ^ tbfc^^ ^ - > i" 5 r t 

hX^^^ y^'r y-7'2 3 5{Z^\^^X. 

Z 9 LT^i^btl/c^EiUmiSDAM^cote^^^CM 
[0 0 9 3] me{zm^X. :^^y'>^2 2 SIZ:^ 30 

{^ov^-c. S7fe^^^/u=¥ I ;S:t>':7:;^~:?57;^^4azco2* 
5x:mm (I, Z) Mfft (I. , ) {z^ii 

:^\^xmm-r^iKmmfgim(Dm±^^-ji^^(Dm^-''^m 

^^^fS (=AZ) <i: L/'z(7:)-t:\ '^^lyNWi J:i(7)[x®^I 
mOA.,mifWt(D^^2 7X7zmM (I, Z) {C:iott 

^JMtlfiS (I. , z. ) fT^ifi^iKc-ificLTV^-So 

[oo94j?^(c. :i 9 LTtt^n/ttaBa^.^Cit^^j- 

mi^Mo^iKmmm.xit^^^<^—>m^ 1 —^^(d 
«Li:^j^-r5o mi lie. z.(Dnw^^(D-{n-^^. m 
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-To [gll 1 {:l:^oV^T^i. L 

i'ticJ:or. 2^!>:x;ffi^ (I, Z) icjJoit'SiafiaftlSSr 
B >5:t>*SB::7^~:^;^saZB :izr% S 

g:ii7fe^^^/u^^ Ib mzm^x^mz^\^x. mit^ 

ffii: :7^-:^;^{4gz T'^^^WkW^hh^f^X.fzh 

6 ZO(fi7i5*^f[t (32:(i. 5 Z (T^ft/^f^S/HS) 

(Dm^^^-f\^^(om.hmit:^^-^v^ \ t^d i ^t^M^ 

iiLmZn t LXJk^xi,J:\.\ 

[00 9 5] m2 (D^mxit.. mmm i (D^m(DiS:i&.m 

m^^'t(Dmmtfj:^i^iL^m(Dm(D^.^.^^mmmizj^ 
^LT. :Lr(.h(D^.^.(DW-mm^hn^^mzm 

fi\t. m'm\z\-Da:>m^m:^mtL.x^'^'r^^tf)-x 

:z(Di^^3(Dm^t\.x. 2i[X7bmwM (ij , 
z. ) [z^-r^nm^Mc^i-h. iafstt® {-r-^siiD 

^b. C (I. Z) ) C<DffiMftM(C:fol>TffiBa 

X. m^mit^i^^^isbx h 
[0 0 9 6] mk. ±,mtmm\z\^x. ^(DmmuA(D 

[0 0 9 7] JL^±CDJ: 9{CLT:^7^:y^2 2 SfCjb^l^T 

f5ti^e2 9{ztm.-r^o :z 9 lt. ^m^/c^^i^^sn 

[0 0 9 8] mz^ :^Wm(Dm^{Zi^{^^^ i^-m 

[0 0 9 9] ^-r. U^^/UD-^^icJ; (9. te^Lfil^ 
^<'^'->-h^'Bl&^fifz >^i^yuR/0Su^^/u><.7^— i/R 

[oioo]7j^{c, £^Jia]^a2 otcj: 19. ^|Il.i^<7)U 
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[0 10 1] zcDii^i^]j^{cfef-oT. ^-f. ':>^/>w 

±^Jffl3iSM2 Otcj; 19 ;:^-7^— v^^iJISJ^ 1 9 &tJ^'>:3l^^ig 
ft^g2 l^S:^LT^ftPt^6o U^:^'/UR<7) 

— v^l 8 755^i/]$n5o CKD^ibii. ±*JiaJ^g20tr 
[0 10 2] ZoLX. ^^^^WRV^U^^jUR:^^^^ri 

xsitmmmit<D:j:-^^/u^^ Is {zmm-t^tthiiZ^ 

[0 10 3] ^LT. :^'r—i^pm^l 9^^^. U^^^/U 

1 6 ( c J: o r ff fflij ^n/cu^^/uRcox YffiMt 

'>:3i/N^r*t+2 8 {CJ:oTffalJ^tl/t•^:3l/^W(7)X 

[0 10 41 ^fz. :^y'-i^mm^l 9{'±. ^M.^'^- 
i:J^itLm:^i^m (4 0, 4 2) {CX-DX^H^^tltz^=r. 

[0 10 5] )^±(7^J: 9(cMt»^ti/.^;!i^f.fT^^n'5^S 

^<^->(Dm^f)mT'r^t. m^y'—y^i-isA^ii^ 4o 

[0 10 6] ^(DXolCLX. ^"T^y^l^^^tM 

[0 10 7] Kk{:i. ±^^m.mLfz^^mmitmm:Rxj^:^ ho 
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[0 10 8] mi 2{Zi^, "f^^-i:^ (I C^LS 1^<D 
^m^^^^yy'^ CCD. 3leia^--:yK. 

rv^-5a dl 2tC^^tl5J:3fC. ^-f. ;^7^'y>^3 0 

(omm^mmT^fzisb<Dy<^—i^mn^no. 

[0 1 0 9] ^^T^yT/S 0 4 (•^myN^^gv^.T^-^ 

y^) fC:jBV^T. ;^7' ^y>^3 O l~;:^7^ .y:/3 0 3X'ffllc 

(cjoV^r. :^'ryy'3 0 4Xmm^tlfz^:^y^^m\^^X 

[0 110]Sfttw. :^y'>yy'3 0 6 m^:^y'yy') 
{Z:^l^X. :^'ryy3 0 5 -Cf^M^nTtr^VW xcoftf^ 

[0 1 1 1] [gjl 3iCJi. ^«flc^^<^>^(7):^'g^{C:}oft 
5. JifS^-7"'y:7'3 0 4(^f$^/^y'n— -f^J^JS^^nXV^ 
5. gll 3{;i4b^V^T. ;^-7^,y:7'3 1 1 (S^fb^^T^y^) 
^Cib^V^T^i^^^^O*M^S^?^l::$■^6o X7^:y>^3 12 
(C V D -X -7^ u/ ^) {rilol ^Tfi -^^^^^Dil^llfe^lK^ff^ 
^-r^o ^T^'y:7'3 13 {mjm^f&y^'ryzf) {C:^o^.^r 

14 (>r^>*Ti^^;^7":y fC:ioV ft "^^lyNtc-f 

V^lT^iAtfo J^±(7)^7^ .y y^3 1 \ ^7^y' y'7'3 1 4 

[0 112] '>:3l/^y^c^ir;^^7)#^pg^C^ol^T. ±iiliCO 

/iS^fT^nSo za^^fk^mTMXl-t. ^-r. ^X';/>^3 

15 (i-v^;^ h^fM^^T" :y^) [z^h^x. ^^^^{zmit 
M^m^-t^o ^ItMt. ;:^X:y^3 16 (M^y^y' y 

zf) {z^\.^x. ±Mmm\^fzn^mmRnntit:^m\z^ 

•>ai/N:S:^ft ::^'7" y:7'3 1 8 y 

7^) |::iol^T. uv^;^ h^^s^^LTi^^SSP^^J^^tDgR^J- 



2R 

[0 113] :Lk\.^(n^'fmjJ^b\k^MiL'f^t^m^ 

• [0 114] a±(7)j;9^c^. ^mmmm(D^'y<^ :^mm 
10 1151 ^^mmmm-xi'n. m'^mco i^^^/ur, (c 

[0 1 16] -^fz. *^^£ff^ffi^c:^o^/^r^i. wmm<Du 

[0 117] ^ibd. M\'^m(DU^^/UR, (Cff^/S^tl 

[0 118] ^tz. ^mmmmxi-^. y^>y'u—hy<i^ 
[0 1 1 9] ^eci. "r^yu— v^^^—i^^m^mm 

^t/*/J^0^Sco V ^-rtL;0^-^;6^ b co<?f 6 ^ — > <h -r 
/u =^f'o # CO -7 — X fitM-^ f t: {c J; o T ^ ^ — > 

[0 12 0] -^mmmmxi-x. ^=^y^(oz{im^ 
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[0121] ^fc. ^m;^?f^figT'fl. itmt LT^^rv- 
[0 12 2] 

EB (m^tr-i^) ^-l':^>t'— j^{Cj:5if* 

>^ • r >- K • :^'r y-7' ' r> Y ' :^'T ^ 

[0 12 3] 

[^0>^(7)?*;^] mmi,zmmLfzx^{:i. m^mi 
r% ■^:^^{zmf^^ntzy<i^->^mft^mmzm^^ 

*^f4=^»b^r^or\ ^m^^j:mm^mw^x^ . 

[0124] ^fz. is*ri 1 1 \cghhm^:)jm^x,th 
ii\ §i^«i~i oov^m7!)^tc#.6^*^{*^^:^& 

fzy<^->^m^^mm{^m^Th<Dx\ mm<DS,\.^mit 

[0 12 5] t.fz. m^mi 2{zWshm^mm\^xti 

m:^mx^k'^^tifzmB:mit^mzm'^\^>x. -^^^^iz 
mfii^tifzy<^—>^m}t^mm:-m^-rh(DX\ mf^(D 

[0 12 6] if*3ii 3\zmm(Dv'^<^ :^commjjmz 
^s^ig-r ^ z t ^^-c# 

[[E]®c;)ffl^/.cmP^] 

[u 2 ] n 1 (7:^089^^ 1 0 <DMri^^mf&(D-m^m.m'r 

htzib(DmXhho 
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m4] mi(D^m<DM^mit<DWM^wtm'r^tusb(D m-^com.m] 
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